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Preface 


Taa fir*t oi ihk Atlaa puhlUbied io the year ISHO. The w'ork w4VHpriTnar5ly dcsi^eii for 

teluccpiAti whoiM iuitrutiicutfi ftfe cuDiuted either on alMuEunuth Btande or aa eqtf^tomti irithnuti gmlo^Ced 
cirvlea. It waa ahio iuLAuded to bo uAcd os a oompanioi^ t^ Webb'a irtvalapiJsie ObjeoU for Oomnion 

Talosoepefl,^^ atid Smyth"s admirfl'bk “Cyolo of CelHtiid Objects/* both now cmt pf prtnt, and nnobtainable except in 
jutrancunioal librariEsa,, Practicitly aU the objects ooutaLnetl in the latest edition* of these twp worhsp flown %o and 
inolqiiing starai of the seventh msgnLtudOp *re shown in the maps, also Beveral ffinter objects of particotsr ioterest^ 
Owing to the plan and arrangement of the maps, and also on mcooant of the Urge ov^erUp, a view pf ahont ono 
fifth of the entire heavena is ahowu on one folio, and no constelUtipn is inconveniently broken np. The distortion 
li slight pQDiidering the Urge area represented. Altcgeriier the cluirts indicate the positions of over starv 
and 600 nebnlffl. Bright variable and rad itan are indicated by n uinill *^v**mnd tt ■* reapectiifely. but doable 
stars could net be aimilHrly Uttered without HitortficiDg the clearness of the mapB. For porticalafs of these objecta* 
reference ihonld bo made to the lists on the tj*ck of the niap*s and to " Webb'^ and ^‘£?inyth,“ 

The ttodcrljiug idea has been to furnish both the amateur obeerver and the gencml reader with a reference 
book bo whiah he dan turn for an OKplonatioD of unfamiliar termv—observational terminology enpecially hfring veiy 
inadequatoly dealt with in text^books. Thnse expUnaticiH are necceaarily mneh rempremed, hat it is hoped they 
are sufficiently cojupUte for the required purpose. Source* of fuller inforraation are often given. 

The Cpoxrellatipn boundaries used are those prepared by Mona G. Delporte, and adopted by tbc Inrernatiaiul 
Astronoiaical Union in 1930, The epoch of Mona. Delporte’s houndariee U and by 1950 the change of tlreir 
ppeition* itt R A and Dec,, due to 75 years of prece&sion, is apprcciahU. With rwjwjct to the ntare themrelres th* 
positiona of the Imundartea always remain unakered. 

The 9tb and subsequeat editions contain completely re-drawn ebarta for the new standard epoch ISfiO, The 
Index Map and Galactic Charts which, having B.A. and Dec. lines a* well aa golnetU co-ordinata*, will bo helpful 
ID galactic studiesi These are itill based on the pre-lS511 system of Galactjo reordinateat a* were the map 

reprinted only a week liefore the Moscow annoai]cement of the impnding change of Lask^ but the major cLangoa 
that would be involved In their cun version to the new basis could not he done at abort notice, 

All the maim features of the 19^ epoch maps have been retained^ but with certain alterations; — 

[а) Stars from the Bavusesd Jlarvaid Photometry down to magnitude 6'35 haTu Iwen ahorted. Tn the origuial cdiEian 

of thkB work, the atai* iilocea were taken mainly from Rousoin'a " UrenmijAtrie R^iubale.” A eareftil oomiiariion. 
uF tbe maguitudea of Hanxeaph faiater ookedHt^e store with the reme stars included in the H,H, oTid ita ^pple- 
mBot, fthowed tbiit tnaby of hia atom ore plured at a l&wer, oumeUTueD a tnuch lower mognitudfl thofl cb the 
Harvard scale, Such nto™ hovo new ^juTVErriJIy betn oiiiittad. On the other himd, many Harvard Btarfl^ not in 
Hanpeau, have h«u iiufurted. Os well a* several odditioual double store from vorianfl aenreea. 

(б) All nebalne, ercept those of Messier and those ulsaaBd by Htinichel ^'»c p. 56), have now received the N.G.C. number*. 

fc) Variable stnra nhieb reacli at tbnir tnoitmum brightness the 6th or 7th magnitude^ have been Indicated in the maps 

by small cireleB, 

r>ci^ The Oaloctic Equator and Polea now adopted are those reccRummaled by the Internatieiud Aatronoroieal Union., 
prior to the ISOS' Aasotubly, and dillhr slightly in iKJiition fmm those which hare appeared in tine earlier toApa. 

The Milky Way ts in mnny pl^^ extremely complex, varying much iu brightness, with cloudy wisp* of light, dark 
apnocsi and dark wtndiiig hmea No ainglc-tlnt reprettutatioD, siioh A* i* used In tblaatlaSi can aatisfiu^rily 
n|msout it *, but the outline of Prtjctnr ha* been fellowed, for it doaa at least indicate the genaral pMitioii of the 
Milky Way and oIbd aU^nsta its CObipttliXity. 

ffl) The AbhrevtatioQ List printed in the margin* of the 1330 mop wa» nreciFUHlly limited. It Iw been Httpersafled 
by the eomplote Last of AhbrqvUtiona given cn pnge 55^ ppocoding the ebarta 

{/) Thi* Fourteenth Edition ooctaine the now definilirin of (Iftlactisi Longitndo and the new hoaia of the coorditiate 
systetn, OB Well oa the nvlscd poaitlcwi of the north galactic poK oa determined by a CommiaslDo set up by the 
I.AH. Asaembly, by the courteay of^ and frem iufurtnatiou kuidly supplied by Dr, J. L. Pawscy. 

Jfr. Arthur P. Nerten died in 1M5, and aoreral changiM mode on the anEgreticn of Dr. E. A Baker, FJL3,En of tbs 
Boyal Observatory, Edinbiirgfa, have been incitided tu oditinns puhliehcd subacqurnt to tbnt date. Dr, Baker ha* rewritten 
p, vi^ and BUpplled now notea and cerrootiena, sa wdl aa tbe ahort note relatrvo tel EEudlo Astrnu'Cli^ titi p. 13. 


p, ili 


EniSTEUBUH, 
April, 1&69. 
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li ASTAOJfOMICAl CATAlOGUm% CM A UTS, <*s, 

STANDARD SOURCES OF REFERENCE. 

(Put cOtitfikctii!n.ft pee p vii). 

With the piMjgrMi of A^tmnooi^ the i3t4iidiirtl refett^uea MciurcifR q!ii;iti:d bcilow pi-fiy at anj time be tvpeteedtd aod 
aow reooguised contHwtiooH appeiir, Sucii pru foreawst in the trieunml Tr. I.A.U, : a more cotictee tecounl 

of odTAoeep in uironoinf U Bivnn in the dimuai M^porl, M.K.R.A.S. 

Bieilio'g^rap'hT-—Sinonirtrlflp of jiationoinLcnl piibliMtiont are fiTfln hi AhttfWfU (fnrmarlf jrf&i£rn<j£f) ffpoia 

1899} 1 J^tdlatin AiirftMfftiftiA (fri>[Q 1^4); ttlldl JflArntxtiiAt (h^oiu 1899}. Tbc laat nmlnDd contmun the 

Riimniiknesi iu 7.J'.S^ (froni For puhliuBtiotLs pHar UouanadL'a Fucfe wxtiin tTaMtnmofiiie la Jwful. Very euirl; 

wnrlca aijmetitOM roreFTOiJ to by tbeir Ttumbera In l<.^1jt.iide's Bibliographit 

Stv Poaitfoaa,—C'ataleguuii of the poaitiooB of stitm noAr he divided into (o) Liata or 2>un7Aniiv«rerKn^n, lik« ttia B.D , 
tfao C.D. and the C.B!)., aerFlng piiraly Tot iiinnttfiratiDn ; [5) CataJogUEa Ibtraod Amn abaerratipna i^ar a ainglc epoch* e;^.i 
tliQ 'AG- (or AG-.KLI} and the AB.; and i[a} Gonarol Qutiilujfiiea, fonnEid from olnervatlonJt ealMndJng^ ov^r luaiay doOftdoB, 
both poutiona And proper tDotioiiA, the G.C. n»d the A.G.K.9L Pmni F)>M1 ^.Kiiiitioiia uud pNjjer inotloiia have Vteou referred 
til tha ayptiiia nf tba F. EC.3 —tha iLppLirnnt plui^-i of C.h.a F.K, 3 ntata ava publinhod krinUnBy in Appanat 

MAuy of tboH plnoea aIao Apponr in tha vahomi oAtional aphameriJev. This fnodaiaciitid eyoteni may isrHiti be replaced- 

Proper Motiona. . TThmo giveti !o Central C*talf)fiu«t are colleated ta I93h in the E.U.L, A Catitieffvt si/ Star§ ^pi^h A^jtwr 
Motianx tjfnemitn^ (F.5 per amatna 'f/aa ptlblkbtirii At Lund in 19Afl, 

Magnitudefi and CoEotira. —The ataiiJunf .VoriA PttUr Sftqtianix (phntn} vijiual ami photngrftpMc nuiffJJ Itndea [ILA 7flJ JUffl 
known to bo appreoUbly in oriror. Fmpowxi iumrltn vaUien are in Trl.A.U., 9* 3T&* I9f>2. 

SpectrmJ Typea.'^'l'he llriLjier (iblHsliilcatiDn (p. 19} ban been dnvciujied. IkrtbEn' At the Verkoa Obentvatory. The standard 
apikrtru are jupvoii Ab pboCO£irapb ir lilEutrationa in Aot-dJ'fo'j &jf Mtjrifan,}Kf*rni-n and KeUinan and do not lend tbera^Lvea to 
verbal dn»oHpEioo, A a>»toM iif oliisaihciition ho.^ alao been developed At D.A.O. bAsed on the meaHuml atrttLgtfaa of Bol^oted 
litMH and IN reremNl to ne the Victoria iiynt'eru. 

Td^onornetrioal pAraJlaxes.- -Yale Grtieral Cttt^offue o/ TriffouaiRetricai /’ara/fiiita-i!#, 

Absoluee Magnitudea and Bpectroscopic Ma^tudee. The Yerkee and Vietoria spectral typaa give ratiinAtod aitsoluto 
magnitudo!!*. and honoo, with ui alEowanoe tor tba abaorption of lijfht in npaa^ tbd oortaspoiiding Bpwtroacupje jiaJ-aJlaxes. 
See alao pp. I A, 17. 

Radial VelocitiH.—Wilaon^s iJfncral Rudi&ti rrfwrt^ira, (ML TV. PapEri, &, lUftS;*} 

Dottibk Stara.—The AU.H. and 'the are lilccly to ba tupEauBfl by a grEDBCal ciitalo^n baited oti the rard catalcjpi^ of 

donbie Btara at Lha LLulc and JubaiinoabUTi; ObsarvatoriEifl. Moore and Xonbiauer'a PiftA CatfiioffV4 cj SpeetfOttvpw Binumv 
f 1947 1 i* atan likely to be replaced! ahortly by a Hivlh GataTogue in prepamtioc at DAO. 

Variable Stara. — Knkitrlcin and Parenagiii'ii CfUdtitifTta rhribAftr Siar*, ia beinf ki?'pt up to date by the iseun 

qf aiippleinonti. Schliella/B WJM? I,itKratitr dir Viirand‘;rliefi^n Siiitnn give* retomnooe to oliwrvfltirjns. With tbe 

ititrqduotinn of phctoelectrio mntbmla, work on eeiipfinff is progroHing rapidly, and refistonce muiit bo mode to fho 

inffarto of Onmmuwiofl *£ nf the I Al'- 

Nobnlii! and Ciaiters.—The inoet procninent are Ibited in X.O-C., Hnpplemented by 1,0. fl k II}. 

Flan of Selected Aeos. —Lnfomuiiiia ubunt the fjuiitar Siarv b ubtoiiicd by taking aamploB, a proeeev begun by Sir W. 
Herachol in bia iffidtr Woaj/ei (Star Coantob KApteyn’* T^an q/ Sdei;tBd .4 runs oompriHR a Stftlrmaiif Tfan of unitotinly 
dlAtributod arras, and a Spcoiat Plan of arenq selected to (.over unusual star dktributiun& Tho uhior ;|iab]EcatiDns oro IhurrA- 
innHtmAif <i/th« S^Mtevvniif} Svieoteii .tnMUr CH.A j />Mrv[;Aitn'iHtoriiW| o/ fAr Speaai Areax (Kaptoyn Labaratory, lUQf) ' 

Jfl, Wilton CitttdmjtU ^ PAaio^raphie JfapnilwiKt in Jivifir 1-IS9 ’ Sta^irholm. C'otafK^+u &/ tfkl Stil^Ud giving 

magnitodra imd Dulouto; and the B/fr^ndiirfef {Soiibern Areas} and /*eirir?a ^Stmtheni Aroae) Spiktrtti dhircktnustinLntj elving 
spectral tyiJca 

StollHT WavulcnEtha.—Matrlll's i/nHtJ ijf ^Ar f/Aimiod' MlenKttit in AitfoUArmioul Spectnt^ WaBhingon* 196fl, 
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The abAita by SCortJO, Beevar and Fnnklin Adama cover the whole iky, Tho Bonn obartA cover the Northem homiei^lLetti, 
the Cordoba Cbarta from - 2K* to the South Polo, and tho NAttonal Qro^phie Inetitutn-Faiomar Bky Survey charts frem the 
North Pole to -37*. The Carta du Ciol {AatruigraplijE: Cbart]i wm inteadrd to wver the whole sfcy but k incompIcUt Eagno"* 
Atlas SMlIamm VariabilimB ta dealgnnd tor vlaoal ulaervationi of eclw.-tcd variable atam The WoU-Poliiia. Chirtii are of SIO 
galacrin oreaii. 

The Solar Syatem. —For tbs aouicce of the solar, Innup and planetary podtinna and surface otvyrdinatoit tbe eiplanatory 
matter of tv natlutkiil atmual ephsmcfis such im the NA. or AE. iihould be consultoib 

Solar SpartruttL—A Itv^jrevbiioil of liowidMidtt Tolde af aolor Wavekngtha is in prepATatioo, P^tomatric Ed insert, 

Muldnn and HcuEgafit(DtrBabt)i \aiaa-Vii77l ; McSfatb-Hulburt, ^e4flJi-^3S343. + MigeettoaudotbemfSoc. Roy. Uege), Sla-Sa-Ta, 
Lunar Sorfajce.^ iYottnui^ Liinof Fonnaiwm (M Ciller and Bla|tg!f). A PKHsnt map ia that of WiikinH and itlout% 

Ftanetary Surfaces.—8€n B.AA. Mema. and Itoporta of tbe Flanntary Sratinna 

Comets,—Yanutmotok Oanni-td Coialotpu af Comeit (with »uppleoiqntJi}i Swings and Hsse?^ dil*t* o/ Rtpttmniatiint 
Coiartopy SpsctfVL, 

tSdinor Planets.—Anauaf EpknTAeridsi by the Inatttuto of Theotaiioid Aatfonomy, Ltmiugrad, fEngliab tranajation of Uie 
Kussiau Tait by Minor Pbuiet Centre, Cijaiziniia.ti,} 
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G0+ Cincinni^ Obaerr^toTy^ [Fteitisii 

C. R (jumpiiH BondtM {PaHb Acnd. Ecieni»gi], 
CLT^ CoiinBioBBOca dea Tonipti, 

D. A.O. Dominion Astrophysiofti Obaertfnt Yiatorifi, 
D.O, Lk^mlnitrii Otuiepi'fttfjpy (0£tiiwo}L 

K.R Eogjalopedlo BrtttimiilL9L 

K.1A. Engfijdi 


trt Sodtiy. 

HBTTBrd Obaortatory Anuftiii. 

Hapyard Bulktin. 

Horvord Ciiwslw {Hary, CL). 

Harvani CbUcfga Obwarvatory. 

IhU^A.i U-LA^ Intamnt, Aatfon. Uaion. 
Journal. (pmAiHllaJ .a !i. 
Jouj-tHiI liaa OiiaeryaUum, 

Lii^k ObsHryataiy BuUotiii (Liek Br^ 
Monthly Notiwa Royal AatnuN SooHity. 
ILW. Ml WiiaQU Oboemtofy^ 

Ital. Katitpe. 

Nautioai Aimanoe. 

Tlie Obscrratody. 

Fubllc&tiolia, rPtH^oodiMJ^.^iridliiHl koSooMy 
PqpoLiW AHtponoray. Iq*iii»h «*, I'. Pi ). 
Pub'na nf ArtPoiHuaicaJ 3ocy. of tiio Padhck 
PhiLTrttod. PhlloaopbicAl TmnMctioRs of tboBcyal 

EtAnS. Royal AatRipomicBl Socioty. [Bocy. 

fLA^iCL Royal AHtronomionl Sodoty of C^nada^ 
S.A. BdieuUUa Amori(»n. 

„ SoliKtod Atwh C Kaplifpi't}, [t. tL 

U.0.0. Dnlon Obwprainiy Cirenlasu, 

V J.S, S^'ortayiihrifiHibiiri dor Aatnm. (jkBeJlacbaftt 


IJ.A. 

Ha 

ILC. 

JLQO. 

I. AU., 

J. 

J.D, 

i^aa 

M.N. 


K.A. 

P. 

EA. 


An, 

Annala. 

App, 

Api^ieidui, 

A/li. 

ASBOGiation. 

B., Butt BullotuL 

Coi. 

C^(aloga& 

fSlr. 

CirouLtf. 

Csai. 

Ccmtributioca 

EdU-r 

Edtl^nru 

/. 

rntemational 

/jf., /ttH, Inetitute. 

M., Jfrm. Metnairo. 


MiigaxiiM. 

O.f <iht, Obeerrato^, 


Proewdihga. 

PifPub. Publioationa 


or Pubtisbod. 

A 

Review, 

Bp- 

RapcirL 

8^ 8ocy^ Society, 

8. 

Bnntbaoniiui. 

Tf. 

Traiisaotiatka, 

fof. 

Volume. 

PA 

yearbook. 


Znitsubrift. 


Asiranojnleai Cait^alagueiL—ContriKtioiiB In ordinaiy 1 
iymbotfl aac pk 63. 

c^nfrmiflion^ TFM wamher od'daef, — Nmabet 111 ; ^ 

AD-S* Aitksn'a Doubt® Star CataJogna, IMi taw tI^l 
AO., AO K-A Aitiwiomiaohc ttewdlncbiift KatalijR Caeo p.TiJ. 
Aa, Astrugrapbio Cataloguo,* to mog, ll (in prognuau}. 

BlAG. BpI tiab. Aaaocia'tioa CatoJogtmp 1 GOO {l'b43)« 

B.P, Boiitt DmdimnAtemng {A r^tajidrr} to mag, ft, 

extended by Scb^held (1500) to S3* Bfiutb D®c. 

B.O.Cl Bnmibam'a Qcnotal Cat. of Douhk littani, 

Bp, Atiwar'ft rodnotwn of BpadieVa Obaervatloiia. 

BpU, op Br Sir T. BHiband’a Catalogue of Bcroiiusm Btan, 1 Safi. 

B. 3 . Schlonngor'a Cattilogtkn of Bright Starv. 

O.D. Cd'Klolm DupabmuBEaning, Sta" 1988^ 

0,G.A Oataiogo Oonenkt ATgontino, 33,445 BoatbiEm Start 

C. P.D. Cape Fhotegrapbio DurdhinuMterijnH, to mag. l&“t* 

60* South Dkj. n W Kaptf^)^ l8ftB-Ift03, 

C.K. CtKpdoha Zuno Cat of Smitb Stai^ Hoh. in iDOea of Doa,* 
Eiipin^a odit^op of BiifmingliAQi'H Cat. of Had Stnra, 1335, 
mait, Ef^nbawogungBi IjOKikon {ffamhtTg £?^) of all kaowti 
FK3 DrittorFundaiiioatfiliiaudog(p.T{.)i. [proper tDobona, 
C.C. BcHsa'a Genonl Catalojiue, opoch IftW. 

G.F.H, G«Hebii:hte liw Fiwitomliimiiicla, bw p. vi. 

Or, Oroouibridge^e CWL of CircBinpolarSta™ for IftlO, 15^. 

* in tbii eitntbai WNii la aLatwi ati wall ■■ the oumber : tJiua B.D 
t The numJaarmit ootamaDFoa anew in wah hour of RAt tbuu 


30. Tbo lottoTflara oftotL Luod without pLnta. For ObMPrers 

[Ff/ili T*««&er = *y^j?ilkr 111 ;— 

M. D. Houpy Drmpmr Cat l&l S24(rolii. ft], ,66^ H vraid Annnla},, 

TIP. HEifvahl Photnmutpy 1884. (.ffiA. toL 14J< 

HJi (alw RH.P.). ReruHal Harruii Pbotometry, 1606 (rol 50 
LC. Index C^tulc^ue^ extonaion of K.O.C, 1 &04,1 &0B. T^' A .}. 

Lac. Lunillafa CatafogvM of Suutherii SUn^ Epotih 1T50 

publiahed by tba Blitiab Aaiiadatian, 1B47. 

LLor LaI. LalaniJe^a CbL, E^ioeb lfl00» pub. by tho 1S37. 

IL Memtar'B CotiUogno of 103 Nebakj&Cltuterx, pub. 1784, 
RnpriiiEEd, C^it Atig, Lft]6; uid/'.A.A,E Aug. Iftl7, 

N. G.O. New General Catalogee (of Sir J. HerwheVi Jfebu]»ftiiii 

eSuaten^ i?rcyer), 1608. Vol. 4)6, Memoirs, RA.S, 

O. A. OEJtfim'e wdiictiiiu of Argekjrjdor a Zoo® Dlticrvatiunii, 

P. D. PotedwT GenePaJ Cat. (Suj3p3n[fnnntaty Vola.., P. P.D., 4o.) 
P.G.C. Prnliminary Goasra] C^Uloguo of (1136 stara (iJaw), 1610, 
Pi, PhuEid^ Star CoA «P*di 1300.1803*14.+ 

S.D.S^ StHtlhern UnubloStar Catalogne f/nn«f) Ift£7. 

St Stooeb Capo Caulogue for 15SQ, or Boddiffb C«l^|300. 
W'.B Wdaw'e rediKtioli of BaBol^ZoniiB, 0^111110x16651 Not in 
W,Z.O. Waabingtoci Zodiacal Cat, 1 WO, IDSO, [hrt of R. A. 
tr.A UranemotriB Arguntina (Gould), 1879. 

C.O. IJnwHitnHtpii Nova OxonMuabt {PritcKapd), 1386. 

+ 13' S^^ffiiauia itarSfo. 2SCK1£ in iJia ll'icnW, Oorth Dte,, iii^tbe B-P» 
1'33 dmititiH itar 193 u Uw wP* iMT 5 K RA j 


vm ASTJiO^OJfWAl TABLES, 

BcKle'iS Li^w.—Takiuf Mercury as *, [uiditig -i to term, of tlie geometrical Barites 3, lif S4, fin, gives the appnxiiiimte 
dialAHOM of tbepleoata up to but nmi Neptune's: FliltO ia near the poeitloia NoptOEH) ahould oocupy. No moaon ts knoWn 

rckf thla dUfiouM reUtiou, BvtJu renuirkod that a pknet wue mlesqng at the dintauEio where the aateroida were dtacnvEred later. 
PteFivt .. hUrcbt^ Vaniu EarUt Man Aitiferda aupltar Qatum UnnuA Ntptuna Pluto 

QtfrwtTvmi Sii^ * « 12 ^4 4lt Bit m 334 m 

Add *..4 4 4 4 4 4 4 * * ^ — ■.■■■■. 

Uiat fr. Sun^ flftde ~i 7 m 16 2fi fl2 iiW 186 T7S 

„ Aetna] 7 J 10 *5“^ S3 9S’i m 3f^ mS . 


Albedo Ofttie Planets. SumoM'* figitree *™ for ifeiwTf Alhfdo taomewhat diiferent from Lambcrt'e urigiiial JeEiiitioii 
onp.i: *w f dL 43;, 18!6J. 


Atbfldo;— 

Uari^ury Venus 

Esrth 

Haiin 

Mars 

dvpItAr 

flature 

Uranuk 

MaivUftte 

Huto 

(Zolloof, 186*^ 

13 -M) 

... 

■n 

-87 

02 

■&8 

■M 

‘40 

8-17 

(MfilJor, 1887) 

... 14 ’78 


'13 

■Ji 

oa 

•7B 

OO 

■M 

{Kniper 

fKiissislt, 191i) 

... 00 *0 

■46 

07 

■16 

■66 

03 

03 

73 

l^) 


CIOMlA 

^--7i 


SoElW 


SatiiFU's Hlp^i-—AppfoiLiuftte date of Eartb pamiiig the ring-plAMi j and ESatme’e hiiliocQntjio longitiide. Dates not 
" O' are ffLitiim*: tho Earth dul nut riuite ^jass iba plane of the ring in ttuiugii eilremcly near doiog eo. 

jTLgf j ist, lo^: &fitt lai, tonff. Bat* tat, tunt. Bait iaL 


1807 Apr. lA. 0* 34fi-' 
Oct, 4. O’ 364* 
19011 Jan* 7. (T 356’ 


10W3 Nut. 7, 

O' 

167“ 

H IfiMliUL 28. (+6*) 

348' 

1^1 Fob. sa. 

0* 

183' 

1937 F«l\ !1. O- 

3&4^ 

» Aug. % 


168' 

11 . K.t,S 8. -ii‘ 

4' 


1348 Dee. 26. -T h tU* 
mo Sept 14. 0' 334* 

18 * J May SS.+l'ia 


PdJtiJIaxflS:—Sim. Adopted at Parte Couftocuee^ 19U, 6''‘RO* 

M<wa. Equatorial horiaoutal pamllai^ it mean distMioa, *7' S'*'7. 

AaternlEta {appro-ximafce auuimum). A'aw, *2”. Amflr, 73". ^Idemu. 

Start Tho parallaaea of aaToral of thma atti giren In tbe Tafalea of the Brightflat and Nearest. SLar$ on pogfr 


PlAcethry Colour lodlGes, '^Sun's Kadiationi ** gives the amouiit retired per tmH of area. 

Msrcurv Vapiua Earth Mean Mart iJuerUr Satuni Urenin Heplunn Hutu 


Cnlniir Index tStuiO'TSJ +-.. 

+0iH 

... +1-2 

+ 1-46 +0 06 +1-82 -1-0*4 


o-OT ; ... 


Sim's Rsdialion. ... 80 


LO 

1-0 

0-43 

O-fH 

OHl CK)03 OHOl 

0+1006 


Vtf ocity of aacapoj km/suiM^a e 

lO-S 

u-s 

8'4 

B-0 

60 

38 

21 

23 

31 

.. 

Stollur Cbleur Indlcoi.^ 










T^pe of Biar, 

... 0 

BO 

AO 

mi 

GO 

KO 

M 

M3 

Nti B 


CnJoiir Index. . 

Ginute ... 

-0 3S 

013 

+ 0-36 

+o-fie 

+ 1-4S 

+ 1*8 

... 

+6* .. 

do 

Dwarfs ... 

-<S02 

OH 

+038 

+(l‘73 

+ 0*98 

+ r76 


IPS- kmti a.a 

Heet Index (average^ in Msguitudee 

-01 

0-0 

+ 0* 

+0-7 

+ 1-2 

+ 2*3 


.. 

Snrfoee Brightoe^, 

Giants ... 

^3-2 

_E3 

-IH 

+0-3 

+2*3 

+ 4*6 

... 

... . 

dkt „ 

Dwarfs... 

-3B 

-2-3 

"l-O 

o-o 

+ 1* 

+ 3’e 

... 

... ... ... 


WOT BP r—Many eo>caIM New l^tan have been recordMl in jwmm previenu to thow giren in the lUt below Time the- 
appeamooo of a new star abent the year 1*0 ac. u. uid ta have led Hipparchus to make bin Mtatogue of stara But BoneraUyj, 
the old mctHiis aro vague and indefinite, and, m Bome eaa^ undoubtedly refer not to Xovn but to cometB, 


■odora Notib.—O uly tbo brightar Nqvw a« incluilHj io this List. 


tor 

UMtOft 

a«n.j— Um- 

ar-iir 


nnlUHUm 
n,4. t Urn. 


r«u 

4-h 


jMbBk 

Hw. 

*35- iir 

hdth 

ILA. 

>a uaa 

niK- 


1672. 

Cssstapeiie(H) >1 

68' 

+ 2' 

Oi-san. 

+ 83’ 

53' 

i0ia 

Are* 

6* 

30S' 

- 5' 

m 

3T®> 

-66' 

SO' 

i6oa 

Gygni No. 1 (P) 3-6 

43 

+ 0 

20 

18 

+ 3T 

5» 

191fl. 

Gemtncmm Ko.2 3* 

L9S 

+ 10 

6 

92 

+34 

li 

1004. 

PpkineyN&L >] 

332 

+ fi 

17 

Sifl 

-21 

S7 

1013. 

Sagittv 

7’2 

29 

.. 9 

20 

9 

+ 17 

39 

1670. 

VulpwidB{ll)... 3 

31 

^ 0 

18 

40 

+ «7 

11 

1817k 

OpkiUehi Nul 5 

8’6 

3S1 

+ s 

10 

60 

-40 

33 

184S. 

Opbiuehl Nu, 9 

335 

+ 10 

18 

97 

-IS 

48 

1018* 

Aqtiiki No* 3 

-0 7 

1 

- I 

la 

46 

+ 0 

32 

1880. 

Sonrpy (T) ... 7 

321 

+ 18 

16 

14 

-S2 

31 

1018. 

Opbincb] 

7-6 

7 

+ 12 

16 

n 

+ 11 

36 

less. 

Ctoretnar (TH S 

to 

+ 47 

15 

67 

+28 

4 

1818. 

Ly™ 

8 6 

S7 

+ 11 

18 

51 

+ 29 

0 

18761 

Cygni No, 2 [Q) 3 

58 

8 

SI 

40 

+ 42 

34 

1020. 

OygniNaa *. 

1'8 

*5 

+ 14 

L8 

*7 

+ 63 

28 

1686* 

AndruEnedv (B) 7 

60 

-SI 

0 

40 

+ 40 

90 

I0£5. 

PlctnrLs (RB) ,. 

I’l 

240 

-Efl 

8 

39 

-82 

80 

1887. 

Pereei 1 (F) 8*2 

100 

- 4 

1 

58 

+ 90 

20 

1934. 

Henmiia 

1* 

40 

+ 29 

la 

7 

+ 45 

61 

1681. 

AurigHt (T) ... 4*6 

146 

- 0 

6 

so 

+ 30 

S6 

1930, 

J^acartm 

SO 

70 

- 1 

22 

14 

+ 69 

23 

1893. 

Normal (BJ ... 7 

SOB 

+ 4 

IS 

2S 

-90 

35 

1936, 

Ajquiltt 

70 

9 

- 6 

10 

16 

+ 1 

38 

1685, 

CariniD (RS) 8 

2S0 

- 1 

LI 

& 

-^81 

40 

1906. 

iiftgittarii 

4'6 

329 

- 9 

18 

6 

-34 

21 

1696. 

Qaiitauri ... 7 

263 

+ 20 

13 

37 , 

-31 

23 

1036. 

A^uiJw 

9-0 

11 

- 6 

19 

24 

+ 7 

30 

1898^ 

Sn^ttarii Ko^ 1 4'7 

1 350 

-10 

18 

50 

1 -13 

14 

IfMS* 

Puppia 

. n’4 

221 

+ 0 

6 

10 

-35 

13 

1880. 

Sagittarii No*3 6-6 

t 

^ 8 

16 

17 

-SB 

13 

1940. 

CoreiMe tT) *. 

* 31 1 


<S«e 

yr. 

1660 

abure) 

1889. 

Aq^uilw Nn^ 1 ... 7 

# 4 

^ 8 

18 

15 

- 0 

14 

1960. 

lairertm 

. 80 

“3 

- 6 

22 

46 

+ 63 

3 

1801. 

FUreci No* 2 .** (H) 

110 

- 9 

3 

20 

+43 

S4 










1803. 

GeminominNal *-l 

163 

+ 13 r 

8 

41 

+ 30 

f> 





... 



... 


1006, 

Ai^uHb Nu, S ... 6 

1 366 

- 8 

18 

0 

- 4 

m 



1 







1010, 

Bogittarii Kd. 2 7'6 

331 

- 3 

IT 

97 

-S7 

33 










ISIOl 

l.ac4tn» Nul I * 0 

1 71 

- fi 1 

22 

33 

+ 92 

22 


. 

*, i 

.** 

.HH 






* FioHi olHarvnlivM of amand ths oppQiittw of iWl, (hv viJns ia 9"TW i (am B. A. A, HaQJbouk for lB42f. 





SOMSXClATUfiK 


St 

Nomenclature of Minor Planets. Variable Stars. NavEe, &c.—Syitcma that nnsw^i^ well In thceurlv 

irtiii;!^ «f diiieovery Inevitably t^nd to bcsome inodei^aate or unwieldy m and {mm tinie tc tima 

tbpy bftve to he reTiiied, llie fallotriiu; iiM>liScfttioni baTc been msda in the original tynteinfi. 

Hiaor PliQEt*. Kiuib new diflooviffry, bnfnrfl the TmTnher md nftTna tft RlTen {p. 3a), b tesnimrArily lUHiguod dsntinettva Rivman 
l8ttrff*K M not infminftttlyi ■ tupiKwwd TJ<tw onterftJd pwuct* to }» Idefitbal with on* nlnudj knnwTk Orl^fifctly a aingle 
letter nu£ced, and the ; hut ifi the doulila foitu AA bo AZ, BA to BZ^ iru introduced: {I boin^ omittad),, 
thu new Borlcn bditij^ cotitEtittHl right nQ tmtU ZZ won maebed, ItaBtoed of hf^rtTting die atp]mtiot afnuh udL year. A 
l*eond alphabet wm begun ia tftO?, with the jejlt (IfiOT A A, i&c,), and a third in IB"! 0—tcrininatod with UA„ 1.168,31, 
19®!. when a now flyptam wm atflrlad to enable belated dlawvnrifi* to ba Inaerted in aiipmzitnately their ppijHsr placa 
trader the prewnt pyfltein of temprarr nomeuelalure^ the double Alphabet bi^tu afreelt eonh the di>rtn'eHi?i 
of ifatL 1^14 are AA, AB^ AC, of Jan. BA, BB, EQ, of Fob. I^ls, CA, CB,. &c,^ the ypjtr being ■d 1 {{^d In 
each GBJH ; IT more diseorariofi than i5 in hair a tuonth, AA^, AB^. An, Minor pSanetn are tn the care of the KeeheQi' 
Inatitut of Bwlm, which attenda to the niunbering, Ao, '^^en unnnnibored, the etlrtt ii not enffiniontty oemkin, am 
TS'SS HA but a [tamo may b* given, an it in more oonTcniwH* for lefenituse, (Annual enmmary ip FoJwnary). 

Jap. A,II f Fob, C,D| Mot, E.Pj Ap. Q.B ; May J.K i June L.M j July N,0 J Au#, P.Q i R,S ! CM, T,Cf i b'oT, T,W ; X X 
Variable Stan. ArgRlaniicr doffignatol thoae uot otherwisa tottered nr oumbered. in any coptatollatinn, by tho RotliAn Capital 
letters R, S. T, U. V, W, 3£, V, Z. After Z, the doubt# fomi HE to HZ, HS to SZ. TT to TZ, and eo cm to ZZ, waa 
Ueed, whiuh ppuvidwl for 5! eariatili atan in any constallatiiHi., A* that nUBobof prciesd ininllfioiantj A A to AZ. EB to 
HZ, and ap an, wa# empSnyrd, J being omittod. The nimpleot ajabem, whioh donotoa th# vanabEoa of each oenitollatitra 
by tha letter V, Rdtowod by a aumbesr—thus Vl -R- Vg-^3; VCit^ZZ, &o.. ia to Vw u.ted from whoa QZ ip iwbwi. 
bettor-1 are wwigned when the yariahiltty fa cnnfirniH f ptrnimonaUt', Noyw and anJinary variabtoo are now doaignftt&l 
4 niLmlMf, year, and OonelBlIatinn, Nova Aqullw IBIS being T.tBtS Aquilrn. in tbo ''TaHahEe^ di#enyuri{» of Ifl-l 0- 
Kovoe. The older Nnrp are deaijp'mtrfsd hy tt»» i^erMitollatioa and year in which they eppeared, tliua, A^ivo S(Xt*pE!| 1^ 0.0 : 
aotni having also a ^pputar' namo, an KtfUtr't jicw, J^msAo'i &ar, Ao, Modem Novb were Pimilarly dcmiguab^ lilt 13115 . 
If more thfHl one ApJWiarod Id a onnetoUaiiOn. toey were numbered. pqoceimTaly .Viwa b, Xova IL, and pO on, of that txui- 
rtellatkm, in urdifl* of dieoafurv, dLeregardlng Rh# Norp hernro 157*. Aa roafliy N'liviD wore only de.ecOVBfBd yeare artof 
thdr ajukocfanca, when oDmpricigALu- phfttographu of the wne region token at dillorent timwi, tbia eoinetimfl'i rocnttod 
Id the bumbera boipg ont of ^ar an regarda data of ; the nomomolaturo waa theroftoti altored to oonatietialloD 

and year, with the date in tontha ot a year, tf ctiom than odd hi a year. 

Primary and Seroadiiry StoieL^TLio brightnt etar ie A, toe companion or companioiu B, Ac., oe Siriu* A and Ba 
Comets. .,-Entfrely new oometo are uenaBj named after tlie dJeMverer, adding tbu yoar, aa Dorudi'o wmet^ IflSS. 

CbwMi if, Cfeywif &, Am, denotee the firwi, eecond,.cocont dwcowriprf that ynar. wbethor now or atreodj Ioowd, 

^onef /, Comnt //, fej., n n n wr orrwi'aj at jMriAelion that year, ditto 


Some TeFms occurring' In Astronomical Papers. 

Erroi^ qf QbSSrVailllin,—Thee# are of two binde : c^yrinFuifu £^rrefir and Aetndtnial Eiroft {hb# page 7. 

Ibtiner are dotecEod by obecjwatlone repoatod with difTnrent Lnetnimantef An., or Hni|i 4 rieon with rwnlto obtaioud by other 
metbnidi I itoe latter Miroie are erratic, but can be f^tirajitrd bjanalyflieof the om^ diecropondw betwHO t4)o icdtridiaJ ob- 
aerratiooeof a (wrlo^ Or between oheerred aod ceJeulatod vaJoee—widch dlecrepaudiai or difibreonae are kmiwn m .fttMilrfiia/f. 

Thq Probable Err&r (P.E.). of a iwriep of obeorvatloMi 1* a value derived tnathematiGolty (hsni toeso readduali; it oftbnfc an 
indet to toe rdiability of the fijpjres jpven, aod Ip prefiaod by the Htgn ±, wfaioh iDeaoB that it ie a# avnn chance whetber, by the 
otuaunt of too prubahfe errer, too value gi sea Ee graater, or lesa The amaller tbs jH^hable error, t)is greater the raliftbility. 

Method of Leoat Squa.i-efl.—A method used tosAcertaFc tha meet probaE'le mean value derivable frem a o umber of diffimut 
qbservntiehrt. It i# bsaod on the priocipLe tont tEin ’welghw'' (do^ree of accmiiCT) of obeorrationj^ with diffbrom, probable erroni, 
are invoreely pni]iorilohal to the nqnarftti ijf their prehaiJe rrrtnrtL 

(nterpololiaB; Ewlmpolatian,-—ie.Jivyjfi/'iirfr'wi 1* tlj6 prooew of finding vnlnos for datas, bourn, quaTititios, Ac,, ElitOTlHedlate 
to thoae given in a Tnhlo. For ordiUAry parjKmee. the pre]Jortinna! amnout of too diliCiFWICO betwofln too hgnroa for the two 
nooraet date*, quautltiea, Ac.. IMUaTly eniBceii, it being afleiiiRod, for lirorjliolty, that the ifhango ID the intorwal Ep unifortn : a 
Tiioro accureto rretilt. ueebil when nuLLipiuiQ or minTinuiB oocum betwoois the dnLe*. 1* ebuinod by plotting ou aqiiarsd paper 
•everal •uocwnlve riatos^ or Sgttroa, on eamh side of tbs O^e not ([ivon, and drawing a rurye thnmgh thase jwinta 

a limilor prooERs, eitand# a nerieii of fl^ins iHyond the limit of toe loet figure actually Imowu ; thisre IteinB 
only one limEtiiis^ fiffttre, howovBT, it ie lea* eitnpla than 1 nticr|jici!atioo. 

CorLtra-Oted. Nqtiitlon fltnploy* the fiictorwith email indoi Ggrire*^ to otproAe large □umbete iaa aqiall npac^ Tbe 
Lndm fignr^ roay Iw tohen an iadleetlng the number of dphs!^ to be addvj after tha L A mi'nlu bofort the itidftt fibniree indiO' 
aUH a fractivoivl iiutubar. vi*., | iivdd&l by that finmber; tone 10^- I/1,0(»,':j0!>th of -OOOOOl, trum which it appoare tliat # 11 * 1 ** 
indn. flgiuiM show the powtioti, after the dedmal point, of the fiiwt dgnifiaant flgqrq gf toe denimaJ frecUon, the number of dpham. 
bofaret-ho 1 being f<!«i than the Indei DUiulwr. Tha foiloedug an uxamplus with dnoimoj factors 2 ^— 

1 23al0«-l'a3ial,O(»,f)Qa <Hr 143x If)*-1,230,000, l‘25x10-*-I'a3x >000001 or ISJx 10-*^l£3x <HX)i>lWl ^-00000131 
Note to irutoe the index of the 10 euch toat the figure before ton declojaJ i n tha otocf fuctor b I fo ^ onJfy i thiu US k 10* la etirreert, 
nut the 1*3 K 10* Ell tint rntj ng tbfi Wofkilig ; the Indei of lO (both -I- ainf —) I* thou, the' charaetBristin' of the logu-ithui fif the Sit 


ID* ^]0 

10*=10«J .. 

10* 1 tdillinn 

10* - IQ ... 

JQ^ - I btlllLra {U,S,A., Ac;) 

IQU-l Mtlion (Britiehl 


I witlj I cipher after It 


1 


3 dphei 
5 n 

7 o 

Id , 


10-' -o-i ... ... 

10 * -o oi r[,nooth> 

J0-" I-O-IXWOOI a/roiiU^Joto) „ 'ith 

to-' =0-fX)fKKI0l (i;m-miUiirato) „ 7th 

IfS-* • 1/hiUloutb (U.aA.) *, Jito 

10-»=- p tBritiih) „ 12th 


in tha |nt place aftor deoimal puiotL 
, „ and „ „ 
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r JFuwh* iJAtaL-FTfcM w JPk™*™ t |Pu«*ji-| Llr»ll.jr 1 - m fmu* [Jflit-f ^ lAgLir 

-oor 1000 aS.59-0 -021 47^ IM-IB 041" a4-39 T8-49 I IWl" lO-.IB 63 43 “081" IS'^B 40'i4 12" 6 33 9716 

-003 BOCKI 1628-6 “OSa 46-« 148-U 1S42 23-81 1 77^1 -062 lB“13|fiS-B7 -082 13'® 38 75 -14 7“I4 83 ifi 

■003 333 3 1096-3 *023 43 J8 141119 -043 53 S9 j 74 79 *063 14-97 Ul-:4 093 H’OB 39^9 15 3 67 3173 

-004 SBCKl I 814-74 *024 41-37 196-79 044 18S-73 74-M 064 1403 6004 084 ll» 381S0 15 3.36 30-37 

■005” 8000 04178 ■025”'40i« 130-39 BS 22 72 43 *065" 15-36 50-14 085" 11 79 3E-34 la” fi ^s 181) 

“006 iml B43-iq -m 36-46 lS6-3,'i 046 21-74 70-84 008 16-ja 49 38 008 1103 37-00 -2Q 1330 

007 I4| 0|406-Sfl 057 37l>4 180-70 -047 ' 51-SS 60 34 067 14-93 48 84 067 IJ 40 37-49 22 4-56 U81 

003 la&0 407-37 023 36-71 116-39 048 SO-83 6701 -063 14*71 47-03 088 11'30 37*03 -94 417 13-56 

■009 tn 1 :!ffli*l] 029 34-46 llS-33 049 50-41 6551 066 U-46 47*8^ 089 ll*S4 ae-Bi 2S 4*00 1304 

013' 1000] 39600 030" 33 33 10603 -050" SOM 0518 O^O' 14-99 46*60 *0901 II'll 30-Sl -28' 3-SB t2-M 

011 6001 £06-87 I 031 39-S6 106-13 061 1901 03-00 071 1408 4500 *091 10-Bfl 3B*BH 28 3S7 U-IH 

012. S3-33i S71-flfl 032 31-SA 10104 062 1903 62-68 -072 13-89 4507 092 10*67 3.7-44 3 33 10 89 

013 Tfl-BS SJW-OP 033 30*30 66-78 *053 1907 8149 0?3 , T3-7O 4405 093 107B 35 04 35 S 80 9'3l 

014 7143 £32-79 e0 41 66116 064 16*69 60 38 074 ? 13-61 441^ 064 IOil4 3407 40 160 615 

016 6n'07 *17^7 035"'£6-67 93 11 06fl' Ifi lS Sfl-SB 079"' 13 33 43’4B 0S5''ilO!f3 34 31 *S" 7-S4 

016 eS iO SO309 03B 2776 00 63 056 171« ! fiS liO 076 - 13*18 44 66 0SS | 10^44 3305 ' 60 aUO 8 64 

017 58 6a 1S170 *037 2703 8608 -057 17-54 67-17 *077 , 14-00 4B-33 *097 10*31 33 00 ^ 1^3 fi-ss 

018 55-55 161 “05 0M 25-32 85*76 066 1744 60-40 078 j 1202 41-78 009 1020 33-28 -60 107 ii « 

019 Bf-^ 17103 033 £504 1 83-66 059,18’66 1 W-S3 079 I 1900 41-98 099 ^ 10-10 3909 -65 1-64 50i 

02(r ao0o mpB -oloH 2500 j ei-47 -oatrl lem 164-32 “oarl is-bo 40-74 U loon lo oo ] as-bo -70 i ^ <t-m 

' Miaa appallkrti naAbllnilrt t itu- pllchJ tndM aalr ai* tlwi tl, A. 1*33 4'36 




ASTSONOMIGAL TABLES. 


P»rs#ea or Llglit^reaPB flimLT&lBDt to Kci/Beoonds V 9 lOijitle&» rt fSlOSB tiiile^MHcaJ par nwgapaiwia ^ 

Of ^6a'4l (.St-aa mito/iiocii.) por iws^Sight-yi^. f nf por loiij' -ttr Bill#/ nr yeari qiultiply by 3^400, or ai| 

I mlUiumi* i- 
fiuvKt 14fUp|n 

TCKtjSia-l 
fl<K(!seo7 
fiO-O i Ed3-a 
ioci-o^aa&^ 
MfK)S3a»^A 
isoo^aoi’i 

Kllonietres DOOVArted Into b/ 10^ :EC>0, lOOO^ llbift dootavU point oqc, two^ thm pluna m th» right 


lIUUoBi ill 

1 fW liT- 

in' 1 |liiUiw«ti| 

UU Rd. l/j. 

^ 1 

knL 1 

UlUimnfw 
V-m. u. 

*Sm. 
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1 ■s. ?2'-sn 

la. 

t;1>ap7 

laodla-oi 9'6 

^ ' 9^199^3 

9^1 

10*0150*7 

lfi"o 00 30 ^ 

07*6 

21,000 49*0 

136-0 

aojooo 

f'O'4 1*3 

2090 4-0 13-0 

OOQO 10-0 39'6 

10.000 

90-olffii-a 

10,000 39*0 

104*3 

22,000 44*0 

143-4 

40 00Q 

i 0-3 [l<J 

2500,60 163 

5&00 ll*q|36-B 

IIDOO 

Si-OjTi-T 

17.000 34-0 

1H>B 

' 2s'00Q! 4Q*0 

14B-0 

40^000 

I,0&i9’8 

sooojso IB'O 

6000 is^olafrl 

12,000 

94-0i7aS 

13.000 30*0 

117’3 

24^000 j4B*0 

l6€-4 

bo'oDO 

iji-oiaa 

SBOOjT'O S9*a 

7000 144)! 46-6 

13,000 

300 64*7 

19,000 3341 

iga-s 

20,00010041 

163*a 

69,000 



6000 LO'OlbE l 

14,000 

fft4j|0l*3 

1 20,000 40*0 ia04l 

30,000 60*0 

196*5 

80,000 


Ultr ^ 


1 

0-esi 

S 

3-7 9B 

111 

ow 

16 

9 649 

21 

13*040 

20 

10*165 

Slio-aea 

30 99 380 

41 

95*470 

46128 583 

60, 

3 

I 243 

7 

4*360 

12 

7-450 

IT 

10*663 

22 

13*670 

37 

10*777 

92; 1SB84 

37 99*001 

42 

26-000 

47 90*904 

70: 

i 

1-804 

S 

4073 

13 

B*07fl 

19 

n-185 

23 

14*209 

2 B 

17*308 

33| 90-500 

38 23*813 

43 

96-716 

48 20*8!^ 

SO 

4 

2*485 

9 

550E 

14 

6*699 

19 

11-8(35 

24 

U013 

29 

i la-oao 

34 91-197 

30 B4 993 

44 

97-340 

40 30*447 

so 


3 107 

10 

fl*2l4 
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1 0*321 
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12-437 

Z& 

15*534 

90 

19 841 

3Slsi*748 

40 E4 856 

43 

97*062 

60131*000, 

100 




40*710 

B&^eS3 

eitisT 


Caiatl^rada Oof root con vorted Into Doktsoj Fafir, ^nooRPi liJo^ Ffsr >ny lamEni^tunpCaeuief o", ms* /««■ + « 

•F. -'a. #t0t4± 1 ‘C^iT.TS5J]M H +#. At dir "AT tf ahcmi O' C- i«id, tf trtjow mbtnwt frnm. 271' 0 . U>C.'« l9 PJ 

wJ^. *a ■♦f, 
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-Ll'J 

W 

DO 

ao\23o; 

210 ^ 110 

310’ 

6 BO 

410^ 770 

7S0" 

13SE 

SBOOr^ 

QfiOO 

uotr 
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9S0 

439 

TO 

04 

20 

88 

12 Q 148 

220 498 

320 

(9)8 

420 708 

1000 

1B39 

60QQ 

lOftJO 

12000 

iidoo 

23000 

800 

329 

60 

78 

30 

88 

m 968 

230 448 

330 


430 806 

ISOO 

9700 

8500 

1.17(10 

13000 

93400 

23000 

160 

938 

3D 

58 

40 

lOJ 

ISO S84 

240 464 

340 

814 

440:894 

SOOQ 

3€iX) 

7000 
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1400D 

95900 
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SO 
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SOD 
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I 909 
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52 

60 
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ICO aao 

S60 500 

360 

;a80 

4801880 

3000 

5400 
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14400 

16000128800 

36000 
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20 

-4 

TO 

15B 

ITO^aaa 

270 518 

370 


470 3T8 

3600 8300 

8500 

15300 

iTOOOjaoooo 

38000 

lie 

lOfl 

-10 

-HU 

80 

178 

16Q i 358 

280 938 

330 

718 

4801808 

4CO0 

taoo 

9000 

16900 

:i8000 39400 

aoQoo 

100 
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0 

39 

00 

104 

1901374 

280 554 

390 

734 

40a|014 

4600 SI00 

9600: 

17100 

19000 34900 

35000 

*-» 
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+6 

■+M 

100 

119 

2OO|309 

3001579 

400 
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B0QjD39 

15OO0j9OOO 

10000 
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20000130000: 

40000 


mTt.. 

a7»oo 

39000 
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40000 

4oaoo 

£0400 

64000 
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' K' Dniifr« 4 S oonTerted into Conti gradB and Fahfenheit: De^eet (to Douut lOO", oltor H3 W*)l idg k,'» idd C/- iSo f/ 
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-460 
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4600 4900 7600 

8DQ0 

7700 k a ,000 
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6700 ll 6,700 

15,000115,700 
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34,700 
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2000 1700 
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5600 5900: 8400 

10,000 
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17,000' 16.700 

30,100 

40,000 

30,700 

r73= 0 

-H3S 

25O0!a9OO 

4000 

6000' 5700 j 10,300 

11,000 

10,700 {10,300 

18000 17,700 
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ts.ooo 

1 44,700 
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-fei 

300019700 

4000 

6 EOO 0200|:U,900 
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11,700 jay 00 
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18.000 
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20,000,10,700 

55,600 
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30.600 

39.600 
icr?^ 


L-^tar Nmbi 


tiitlirr ]TaB« 


Tbe Creelt Alphabet, Th# Biiill iftlem m m thi lift^ thv Piiiist*lp ah th« rfjht- 

JSpm* L-ttar fiPDU l«tbfr Nam* _ “ 

* Jtlpha 

I fi itmrrtit 

D«lta 

Dein^es eqniTBlent to Aseemtlon Honra and Ulnotea :— Bp* T«1i1« m p*f< 43 . Deelmels pr a Uetrren, p.^T. 
FO. of Seconds of Apo t in 360 ', I.SeO.OOCr ; In i\ 3000^. No. of Seconds of Tims! in i d»T, 66^400■«. j in * hnnr, 3flOftL 
Volocitiss of Cntea in 17+ bydrogwi; teUuio; wtter | N, nilM^; O, oiygnn; CO^, oubonlc wHd- 

-aTOX.-iSP'-ICO'-so'trC.+ 50 ' loo" »o* 300 ' 40 Q* ' " 
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Oiiilm>n 
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... 

\ 

fl 
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.. 0 M 

Mn 

H «■ 

Pi 

.4 n 
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.. Y 

(u Om^ 4 

.. u 


ir. 0^96 1'33 1 40 l-^S ^00 S-ia S4f E-fl? 2-fi» 

j7r.oae o-es i-04 i*ib 131 i n im i-7i i-w a-oe 

^,ClD'3a 0-49 049 0*^ 0^2 OST 0*73 O'Sfl O-ttO 0-97 


Sflo* -150" - roo' -sp" O'C. +50' +100* aooT yx' 400' 

026 0-33 OS0 044 049 063 0^97 <JHW frVl 0*77 

a 014 0-31 037 0*49 CI4fi freO 0iB4 0^1 0-07 0-79 

co^ o-ao o-aa o*3i o-as o-as o-4a 0-40 oai 0-67 Cl’S! 


Ionisation FotODtlals.—TT m uBoncl taIdii ia tie Toltuga required to mnoTe ■ amciDd dectron ; itdifiotB-BWBly. ^otuHLUiUj 
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a. Heimlaphai-a r-^AHa With H, 

□EDL1 NATION. 
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G«j OMlmb Ci»l Cru Onis Cnio Lao Leo Leon Per Pfirwrai Pert TrI Triongnliuo Trim 

Cam Camelopard, Ooml Qrr Corroa Cbrr Lep L^iu Phe PIkbuIi Phm Tuo Tnpana, Tuoi 

Oati Caprimimtu Cap CVu Goaw Von, C Voc Lib Libra Libr Pio Piatof fbot LTUa Unw Major U Mm 

Cor Carina Cari Cyg pyjp>(is Pjgu LMi Lea Minor L Min PoA Pucie AusL Pec A UMi CroaMlwUMle 

<ka Otoeiopeia Cos Del Dolpbinia D1^ Lup Lupua Lupl Iko Piacea Plac Vd ViHa V^dr 

Obo CJeoEatinui Gent IDor Dorado Dam Lyn Ljtu Lyno Pup Puppie Pupp Tir Virgo Virg 

Cfep Oepbeua C'eph D™ Dnuo Drac Lyr Lyra Lyra Pya Fyib Pyii Vd VoUm Voln 

Cat Oetua Ceti Eqa Rquuleua Rqul (hfabuiv^Pyufi) ,,, , Rot Betiouliim Heti Vul Vulpacula Talp 

* Oann«a:r,t MaUtiFt to tb* aim. c Fnan ranan 4011 Irtip niiliLlfht, 
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i_notes on star nomenclature. *<?. 

Tht ConsteUallfma.—The origio of most of the eonitellAtfon n&ine8 ie ia rnitiquitj. Coka BtftnncKH ww 
eddad to the old. lift (tkough not definitely fixed till the time of Tyefao khont 300 B.C.; bat no further 

•idditjon wu epAde UU th4 sevoDteeatti nntary, when Bayer, Hareliuf, and other MtronomBr^ formed many entiatatla' 
tione in the hithertp anoharted reg^ono of the PontherD hearenfl, and tnarkcid oEf porLiom of tome of the large or ilL- 
defioed anoiaiit iiotutellatinnH Into new' flenuteUatigii*.* M^anyof these latterj, however, were nerer generally reeogn.u«d.. 
and are aow either obsolete Or hare had their rather elumij namei abbreriatad into more eonTimUnt lonna Biitn 
the middlD of the IBth oentarj, when La Caille added thirteen nainee in the aouihem hemlipheim, ami anlb-iilrliled 
the nnvirldj Argo into Carina^ Malai (now Pyxia)^ PappiB, and Veb, no new eoDAtellattanii have been rDeagnujedp 
Origiiially, eotiate]btione bad no boandarieii the pcaitian of a etar in the ' h«td^* ' foot/ of the figuro amwering 
th# neEdi ef the time; the fint benndariei were drawn by Bede in 1601. For List of ConitellatieiiSi aia^ last page^ 
Stap HoilQOTtOlmyra.— The «tar names given os the last bat one page bave^ for the meat p&rt, beeti handed 
down from ciassipal or early mediinval timea, but only a few of them are new in ttae, a system devised by Bayer In 
1005 having been fontid more eenvanjent^ tle,, the designation of the bright stars of each ennstellatien by the iniall 
letter! of the '□re&lc alpbAbet^ *h A y* the brightest star being nsnallj made n, the second brigbtnt /B—themgh 
soinetimesi u Id Ur^a Major, lequence, Or porition in the eonsteltatlqn fignre, waa preferred. When khe Greek lettara 
were exhausted, the small Roman letters, a, b, e, ±e,, watti emplcyed, and after these the capitals, A, fi, Ac.—mostly 
in tbs Sotithem eonstetLationa, The capitals after <} wftw not required, so Argelander ntilised B., 8, T, ke., to denote 
ntno^t Stan in each consbellation, a convenient index to their psenKarity (see also p. ix). 

The fainter stars ana moat conveniently diutguated by their nomben In some star oatalogne By universal eoa- 
eeot, the namberBof Flamsteed's British Oatalogue (published 173S) are adopted for stars to whiiih no Greek tetter 
has beoq assign^, while for stars sot appearing in that cabalogoe, the noiubers of somo other catalngue are otilived. 
The usual method of denoting any lettered or Qaiiib«red star in a aocuibsllatioo is io |^v‘e the iettor, or Flauateed 
ntaiuber, followed by the genitive cose of the Latin namo of the CDnstellarion ; thus a of Cantn Venatici is described as 
<» Canum Venaticonim. Thoso gonitivos are given in the list of oonsteliations on the last pogo, facing the cover. 

Flamsteed oatatogued his stars by oonstollations, numbering tbein in the order of their 'Hight Acoeosion*—that il, 
the riumbcr of hours and minutef they southed nfter the soothing of a certain raro point among the stars (p, S). Mott 
□lodorci aunloguoa are on thi* oonvenient basis (ignoring eoEstellationsb aa the stars follow a regular seqaence. But 
when Right Asceuabns are nearly the tame, eapeciaJiy if tlip Deelinations CR differ much, in time ^precession' may 
change tbs order; Flamstoed^s SIfi', SI, S3, 33 Hereulii, numbered SOO years ago, now south in the order SS, 3(0, S5, SL 
For convetiienou of referorice, the more importa.nt i^r cataloguav are designated by recogniaed oontractioDS: 
thus B. A.G, SI SO'* Is at onee known by aatronDman to denotL' the star numherEd 1^150 in the British Asaaciatfon 
Star Catalogue of 1545. In most star naLalognes a number it aasigned to each star includod in them, whether it has 
a Creek or other letter, or noL Thua, Ve^a Is a Lyrm, 3 byrm {FlamstDod'i number), and (eonstetlations ignored) 
Qroombndge 3913. A list of some of the best known eaLaloguo!, and their coptraatloiii, is given on p. viii 

Constelladon Boundaries,.—Bode'a boandariw were not timtod as atandard^ and chans sud oatalogues issued 
before 133fi may difihr a* to which of two adjacent COniicllalnotLg a star Iwltin^. Thus Flamsleed numbemd in Camolop- 
ardiii several stars now allor^tod to Auriga, and by error he sometimoi uumbered a star iu two constetlatious. Bayer^ 
alee, sometimiw aaaigned to the oame star a Gfuds letter in two constollationi, aneieiit, anlroDOiDors having stated that 
it belnugefl to both ccmstellation figures; thus ^ Tauri = y Anrigm^ sjni a Andromedwwl PegasL 

To remedy this inoonvcnlenoe, in 1950 the tritematioiial Aatronoitiloal Uulon statidardised the houndarics along 
the Jan, 1,187fi, arcs of Right A^oension and DoDllaation, haviog regard, as far u poseibEe,. to the botiudariwi ef t,he 
best star atlaaeq. The work Lad already bnon done by Gould on that ba ri a for most of the fl. Ilemisphere oonatAllaLioiu, 
Q * AabuiDHS, added Lb jmK, ISQ Uw Bmpsrer adrisa. ms Lqo^ AualiLssd vitli kqulla «s ^ AquiU «1 AaliiuHia' pace / 


3 


A .b' r/W^VJ^IVA L 


The LA U. BouDdftrlea —Thew do nai pWgtr thatr friMltioiia iLmong the stuTiay thus objeotH cea nlwap be 
oorceis'LJy loofttfld, Lhoo^hp owing to preceHscon^ thaarcsol Right AHtrea^ou ibnd De^u]jnation of to-dAyao longer follow 
thn b-Ljaodfcriefli aod tro ^tundily depnrting Jfronn tliL'iu, A^^^3r rtouie yea^Jt, hovpvoF, tiiwle aron will hcijin to 

retorti triwariU tin? hoiiiijdariefi, uiii;l 13,900 youm nfini- thut, oa natupluting the 25,800'year preofissionAl (wflod {[^6) 
will approxiinAto to tLem, but not exactly wiaoidr. 

n NOTIS ON ASTBONOMICAL TERMS- 

Ttie SHIP Sphere, couTHnient tMrm uatil in spuaJctiig of the lieAveuiy bodies and their relative ftoaltiunia, slcrivos 
it 4 namo from th<9 appe&ntnce of the h6Av.^ut!i to an obiiorv^r: he scoma to bo at the oentre of a vast hollow Kphotn (half 
of it qiiseen, benoatli Ilia feot), wbteh revolver rnooil thu Kartb anna MO-h day. The stars Heem pennanenLiy ilsad to 
the inside surface of this sphere—their vast dUtancoa ppait3Lit;ii.lly nullify their uctiinl rapid motian*—and are kuewu 
in wntniat to the 'wandering MCara^ or planebti wblch mava among tbeotbera+ Rather momthikii half 
the star flphare is se^o at one time, as refriMtitin adds a atrip cMjual to lha bi-endth of the .Moon's dUo In the sky. 

The Cfllastlal Poles aad Efjuatop.—The pivots, oa it wnru, un which the ator aphere revolvni, an^i called the 
-Poiiit; they ana direedy ovcrUeA.1 at the Tcrraatrial PoIbs. Half way between them in the great cirolo of 
the €dp^£idt Equator or wisich pasaas direetly overhead at every point on the Terrestrial equator. 

Cul^tnatLon i Sonthlng'-^A celestial object cttfininatuK when it iniaebcs itahighest point above the Dh‘)ervor’a 
horlsfln, to the N. Ta rrestriat hfitniapliartj, jotrifwf Utii»et! in the eame aenio, asnulmiuatloD is n.1 ways at the instant when 
the oljject is due south ol thi* N. Pole; in the S. Terrwtrial hrmispbcrri!, objects eulminato when due north of tin? Si. Polo, 

Rising' and Salting of Stars.—AttheTamestrial Kjc^uaitir, tli* Cdeatiiil poles lie on the horiaon; oil thn stara 
raraaiu obovu the horizon for ball a day, and their rising and aelting atn at right angles to thfl horjaunL At the 
TimeHtrial poles, on the other hand, the (Jelosttal tKiuator eeiiiuidea with thn horiiuii^ parallel with which the atara 
move in circrleo, neither rising nor Retting, lLb other liiilf of tbu star jsphem being iinver seen. 

In intermediate Utitndea there is every variety between these ejetromea, but always some stara never set (and 
a correiponding area round th» oppusite Pole never riees), aino the paths in the aty cut thu boriion nbliqttely—all 
m proportion to the ubaerver'H nfsariiL-sa to, or reniotone-sii froaij the Terreatriikl Pole or Kqnator. 

ThoMtara wbieli rise and Wt alway*! Jo so at the same pnintn en the horiston—unlike the Sun. Moon, and pianets 
which riM and aot at dificrent pointa on sucauiaivs days. In temperato latitudes, especially, those of them nearest the 
observer's Oelfw-tial p'Jle rise far north ||S. bouilsphere, south], and arc ahe ve the hunxen mml of the tweuty-four hnura; 
as tlistanee from the Celestial pole increa^rai, they rifte further and fiirthidr south ^or twriA), and thnir l.imc above the 
horLcim diminishftii. till, for the stars furthest sooth (or notiK), they act again a very ihort time of tor riaing. Stara on 
the Colftitia] erjuatorriat due E.. set due W., ami are li! hni., above the boriton, all over the Earth—except at iLc PoIm. 

Stara pii«, ■ em;tb' or ^iiurth \ and st a ifimn hour oa/y SiWtf o y?rif, nlwayacnurabfiiit the soiiia date, Fcr they culminate 
riosrly four mluotos earlier each di^y, uihI raolw revnlatioos in 3«fd Mohvrdayii, On one liay in tho year ‘wullilng,' 
□ccura frrief, for wheu a jitar itoutha. at Ifi'l Ji-m- it will eouth again at ll-fi" p.m- the Mma day. TTiis nccnni with the aiipcrior 
idaimCR (p. 33) olao—Mara, and thn aitortnih in ganeral, about otioli year—thelp mean ikity motioiiitt being lewi than the 

fisnh'e, M-fire attd VciiILH, howEvnr, Inay not south, at alt 0 (i one day jfi tlin yon-f. 

Th.6 Stars that navef set op rise.—'itara novor set when their dritAtice from the Celeetoi] polo ia teas than 
the latitude □! till! obtarver on tho eartli. Or, rttfirs with Declination (p. 3) greater thon the tibscrvcr's 
Ilia latltud'* =iubtraotD;l fffjin Si)’} ii.»rcr set [ tho corraspnndlng area round the opposite Pole nover rises, 

Tll& Eoliptio i'l aoother important grEjat rirale on the star sphere, which tittorsecta the Celvatlal equator at an 
angle of 33^’ (the OMiqriitfffif tfv) Elliptic'), and lies in a plane which pa-iima through the ccnl-rtii of the Sun and th* 
Earth : H Tviprewntbi tins yearly path of the Suti'a centm an the star apbere, an seen frara the Earth, or the Eorlh'a aa 
seen from the l^un : It ti nhown in Itapa d-l 4. Th<' Efiiiptia Pfihtt, tin* pcinte on the star sphere SO" from the Ecliptic 
{ab-:iut 23^* fmm the Tsrfostrtiil poEci^), ara at R,A. Uh., and &h,, and Dec, 60|‘ N.. ami 8., penpoctivclj. 

The EisliptLo jiai its pfslcs ara ^ediisibly" (i>., fitf aniiiiary purpu^ioa) fiici cn the star B|shopa, but cliauge slightly In centiirii'ti*. 
Tha ftirru ir .lU) (a) thoQontral litui nT the K.riiOii rp.3j: (ft} tho ayemge path cf tho Miwm, Mercury, nnd Vodui, an 

tha etar aphera (pp, 9, itl], but notthowi (.ifthcDthvrmtijot' planets—ihoujjhilJCfK) areal Way*■ttVfli’the Ecliptic, except Plntc. 

Tll'0 Vernal El^tllaox nr First POiint of AHea. I'be lorafortho oele^itial mcasurenjants corresponding to 
terrestrial; lougifcnd*, is thq point of intor^ction on tbu atar apliefe, at any moment, of the Celential EE^uator nod 
the Ecliptic, at pr war tbo p^Ent where the Hlun croaRce the forrnrr from S. to N., abcint March 21. 

This |wiiit—the Truwcr dppapepri jf-^TUcinwr, nr A'^uwiar of any date—mijvea wastword on tliB Ecliptie l,.'Yth Mseand of 

aw every day, but ia iiovcrthelcva the nnwit coil venietit print frtr tha piirpoHe, as thcSun'ji poaititin in the «ky, mreKiiPcd froTa it, 
remains'ppactiaally the Oti a given day of the ywir fur thriitaandni uf yearn, hy tini leap year arTangomcnto of tbc isHlcnFlar, 

though thuee Iff the ntara alowiy ohaugB. 'Vuruat IkjU'ftai,' wAfia wjc/F in tvfrtHMSrfrin itfiCA nuHMUfWftfntf, always in«ui*thifl movittg 
TmfE'lulncx.lrat thefirBra/Yarn*!{Spring, p.U)cqrincT Ir tbu iuHtant wbvn theSun'a cpentra actually-droaoeathcCnlaitial equator. 

TUr Wffm is the Tnirf Equiiirn cfjpiWiJtoEl f(?r the Irregularity Cinai. * IJ set!**,) ralliKl nutatlofi tis Right Awxstsrioo 

(Uj 71. PoHlttifiia lu star charta and fiatalugiKie are inortimriKt from it, At the tiJTie wison tho Sun's mean Eangitndo is 2f^ , about 
Jan. 1 : Ihue fbr 1&», the star pMttloiiHi are nallwl *inEuan pEiiCca for IRflfl'O' — ^ “O' aftor a year always indicate tho E«0' start 

Tbd positioa of the First Point of Arica in about nine Ttiucui4irfuwlth.s W. of the end of » lino drawn first frem 
.AnrlmTflinim to y Pegivii (whloh form one flidp of the 'Stjuarc of Pognauajthwn cxEeridocl downwacda for thesarao Irn^tb, 
*■ UbSp, Jaa b ItlM, 23r 2ft'C" lOpmoil ft"‘471, may mry P" fruiEi Mieuc 
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Af Erldlon U thit tdralfl on t1i« Btftr 9|)faDJ!^ wbucb piuiaea thraugb both (7fsl«timi kd 4 through th* 

uniLb of the qbftenrer \ it mKtq the horizon due uonth nod north of the Pale and the olpflorver. On (A* ™>rid’«ta, 

o»#™iiaR rsttiitw io fAn nwrufion, have tbo flame moaning an culmination^ or transit ^ehu bedow). 

TPILtLsit,—A oaJMtiflJ ohject TWanjiii whan it erosnea fo^ftha tneridian of a pljice—C^p/wr iVanjil —eulmiDatjoni 
OT (h) mnj Mlectad line au the aHakT aphcrB; The term ia aJao u^sl for a. meridian or Bpot croaftuig the wota'e of a dtac. 
Lower 2>(wn£, or Lotwr CWminolioH^ of a * cLocumpular' itar whiah uflTPr MitE^ is at the oppMite side of the PoIa, 
twulire Bideml hour* after upper inmiiit, when the *tar U nearest the borizon. 

Trantii also dsnotea the panaing, aa a bluk cirenlar spot, of Sfirmry and FenitJ aerosa the 3nn’i liiso; or of a 
BAlelLiteoF iia qhadow (p, 34) aorou tlio diec of ita pHtnii,!^. ia thfi entrMio& on to the diaoj tgfti*, the departure. 

Celostlal Positloi^lS.—As the star sphere has an Equator and roSna. tabiBg the meridian liWugh the Vereal eqtd- 
nojt as, aerOp the poaition of any objeqt in the akj tain be indicated in the way places on the Earth are located hy thnir 
latitude K. or S. of the Btjaator^ and their longitude from Greenwigh. The carreipouduig aatronomieai temiA bowever^ 
are and Jiiffhi ancient astronomers ha'rittg unfortunately {for fliniilaiity nf noHiencUtnjre) used 

the bonuB latitude and longitude to denote mBaanrements rufomNi to the EeliptiA instead of the Celeetia] equator. 

DfiGllnAtiOn (conttactod A, or .S^ea.) correipondi to tarrsflLiaJ Latitude; it ia meaHUted In dBgToeai North or tiouth 
of theCaleatia] equator. The International ABtmnomical Union recommend the nte of + and - instead of N. andS. 

Norik Folar ZHtl^nut (rontracled orP-A)f measured in degrees (O' to ISO') frem thsN. oelestial pelA i* 

sometimes need initead of Donlinatidd, us it obviatai the use of negatiresignA •‘Od all chance of crKirwitb Nh and S. 

Right Asoetisiofl (oontmeted A or i&), ccuresponda to terrestiai longitudA it is mesiured oastwardsf nr 
ooimmr-ojecWi»» on the Celestial equator frem the True equinox aometimes in degnsfia (0'-360')^ uiualSy in sidereol 
ltra(A}i mirmtee (etX, seconds (s.); Ih.—T —4 eil ETety obwrTatory hu a clock regulated to this sidereal 
time ^p,9): when it ahowN 0 hre. the True equinox Is on the olBarratoiy^s meridian. 

As the True Equinox cuJmiRates daily, it la easy bo note tiow many hours, minutes, and Mcemds elapse irem its 
onlminAtiniL to that of any other object; this interml ia the Ei^ht Assirturion of tiie objegt, Ohjooti that culminate at 
the same iDstant as the True Equinox hare E^A, 0 hiaj those culminating 1 hear later, S.A. 1 hr.; those 2 bra. later, 
R A. 2 his., and so on up to 24 hre, the 0 hrs. of a new sidereal dayi of oourae minutes and seconds arc also used, 
Sittht ACGctieiot] houra, Aci, are tbit ^ghtlv aiarter than thoftO of ontinsiy mean time, the £4-liK sidereal day heing only 
mhre. mtc. 4 Beca muR time iu length, or about Tuar minutre shorter tbao the mnan aatar day. (&« p. S). 

Hour And DECllna.tlOtl Circles^—An Bcmr CirMtf or a ZJwitiwh'cn Cireie, is the great circle paaseng through 
a oeteiitial objsot and the Cetealial poire ■ the former term is preferable, as the latter is liable to be oonfnwd with 
' Declination Parallels/ which are nob great circlesi These ternns are alio applied to the graduated circles on 'equaboriaJ' 
teleaeopea (p. 4S); the hour oirnfu is graduated in KA. hnt and minutos, and the Dociination circle in degrees. 

Cd1U[^— TA* Fqjditeatiiil C^ofurs is the great circle of U-A. 0 hra and 15 hntj it psasefl through the CfllMtiai 
Poles, the First Point of Aries, and ISO' of celestial longitodeL Tfttf Co^itre li the great cireleof R.A_ 6hn. 

and IS hm; it poanea through both the Celratial and Ecliptic Foies, and through the Fointt*, 

Tho Zodiac (literiilly * circle of the animala,^ most of the signs represent lining creatures) ia the belt of the iky 
S*B' on each flido of th# l^liptis, within which the Sun, Moon, and the plenetB known tn the anrienle are found. 

Starting yearly at the First Feint of Ariea, tt is dirided into tho twal^s ^Bigua ef the Zodiac' {re* (rymbols, p. xei}— oftch 30^ 
of longitude on the Ecliptic—which, howarer, do ttof ouiucide with the cojwitellatioRs uf tha Bams name^ although tbay did ■> some 
2300 years ago when the First Poiut wbb named, ptecnstdcb having carried them weatwarde some or a whole flign. 

The Id variable Plana of tho Solar Sy item, passing tli rough the Syetem’s centre of gruTity, forms an unTarying 
pefftraoco plane, m it doM not change iu position in epsco owing to mutual planetaiy perturbation b, u the Ediptlc 
doea, Inclined 1' 35' to the Ecliptic pinna, 7' to Sun's equator; longiludo nf oacending node 106'35' (epoch 

The Pfan^i, in oecultatioDS and wlipwa, ia that poBBing through tlie eeubte of the Earth at right 

angles to the line drawri from the star, or tho centre of the Sun, through the centre nf the Moon. 

AllernatlTG REfeFEnGe ClrolGa.—^'I'ha Celestial Equator, though the moat ooDTcnicnt for finding or recording 
positions an the atar sphere, by E. A. and Dee., ia an uneuiteble reference cLrole for many pnrpo&ra, and other great 
mrelet and reference planca are ube^ instead. The position of an object is indicated, with respect to the:— 

1. CcIiistiBl EqimtoT by itx Dct^linaticn, and Right Asceuaion, from tlie Vereol equinoi (p. 9} 

1. Ecliptic, (a) from the Earth's oontn „ (l^icButriii Latitude, aud Longitude, « t, ,i (p^ *) 

A (t] r. Sun's n Heliocentric „ n n n n (p^ 4) 

A HurLtnii of ihe oliserrar ... 1,.. „ Altltuda, and Azimuth, from the N. or & point ... „ 

S. Meridian h Huttr Angle fh?m the mcridbiti, and Drelinatiuu from the Cdest Eqr. „ 

A Hour Circ^ or DedioaticTi Circle „ PowtiaFi AugK the North Putot „ 

7. Galautlc PlanSi ur Milky Way „ Oaltiitio latitude. Mid licngitnde^ Erom node on tldtestial equator (p, 4) 

A Sun's Equator ... ... ... ^ Hulicgraphio „ „ ^ arhitriwy cero „ 

Ql PloDut's or Mcnn'a Equator ... „ Planetogriipbic,, „ (^DtiD-, Zeno-, An,-gTBphJE^ «e p, 4^^ 

IQL Limb of the Sun, Moon, or Plaaet „ DiRtouen ta) rrom the North Toiut; hium the Yertex (p. d) 

Thus th&re are several hinds of astronomical lAtitudu and longtbnde. But unless qualified by an adjective, in astronomy 
these teruuB nauollj mean Qtacenirie Littitude etmi Lernffittidit referring ubjrete to the Ecliptic and the Earth^s centre. 

• InCSstMtiil langituda BP. 17 rr fw H.A, Sli,, l6h.). ami Dec, N.ud A 
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OeCO0[l£F!c Positions*—AH lyfC-ran-auiicaJ lobA^rTK^cmi hjtm ^&aAJ3lLrilJ —1.0.9 nwle from & point on 

Ihn Karth^n durfjicin—but foraimplldLEif, the A|^rea in Tnbl^ alvrnjn gaoeniitrta, tbnti ii^ (nJoulAtad u if bodiei wen 
obflorTod from tlm Enrih'i centre. The rmnon ii thnt tli* topuoiitrie vnluia dilFer witk Ibe pautinn of tise otwentef 
(ejcej::pb far «tara—too dijitAnii for Appreoinbleohange}, but era nuilj ebtuned far imj plue from the gtceoflutric viUtiea^ 
Au^lar ttad linenr diatnacefl nn in ^enernl oieuared from aentre to oentn of the bodiee ooncerneclj nnd ihoiA 
nlouJkti^ mu Seen from iho iiuii, or & pCnnot, ure nlso for the oectrot (holiocentrio, .Jra., valnn^ see belowj, 

Latftudo and Longitude (nut^nalified bj mn adjectiFe) refer wle^tid objeeto to the Earth's oeot™ nod the 
Kntiptio ioAtond of to the Celntinl Eqaacor^ and therefore do net correepoad to geogrmphioo] Intitiide and laugitude, 
Thej are lued for qalaalntions. iDTolring mnguLmr dktEuira from the ^tin, mi bbaq from the Earth, of plnneta oiid comete, 
—pbose^ eppooition, ^0.; tho huqb dedntiidni, but refenod to the contio^, Liutead gt the ^rth'i, are tensed 
Mioosn^i^r Jatitlld* mnd longitade. The Emrtli'B hfliloattitric tnngitndB Im tJie fliin^m geocan trie kmgitiide + IBO". 

The Dotij^iiuili of m mlestiAl object li the angle in degreeii (O'-SCO*) meaenred eaetwardi, between tlie Fint Point 
d! AHea (T) and the foot of m perpendicolftr drawn from the object to the Ecliptic. Bimilarij, the ZaEitffd* of a 
celestbiJ objecti ia ita dlatnnoo in dEgamw N. or Si, of the Ecliptic^ mcMaretl on an nro at right nnglea to the Eoliptio* 
Longitade And Right Aecenaina both etart from tbe Ftntt Poinit of ArieOf end both ore measared esetwarcU, but the Jormor 
« meaaurwf In dogma along the EsitfUie i the Utter olang the CettMtitU in bouni, Ac, (but ] hour ILA U eiAi.dT 15'» 

4 mtnutfii fLEoetty V)^ Ae the ploae et the Ecliptic hoe mt an angle lo that of the CaleatUl Equator^ hnwover, a movemnt 
af 1* m longitude doem not exOctJ:/ oarmpood to t' (lc., l/l&tb hour, or 4 mioutca) in ILA,^ bscauee fa} the dirBctioO cf 
mCMUiTBinfinL In Eltflennt, mnd (b) the reqHctire degreBm mmj dider in hnigtli an the etmr e^nbEre—^mm^ fcr Instance^ where the 
‘ |nsat flirflle^ degmaa of the Ecliptic trevcfw the narrower RJL drgro» mefwureid oti the panillel ef D«c. SWy. The ' jjnweaaian ‘ 
(p. O} cf the First Fotot of Arice oontio'Dallj cheogiia kugitudee, tbd Joogitude of the [jeriheliou of each major ptmoet iucreoJiing 
nme S' per cental^ ; but Utitudee mltnr tErj Elttlot me tbe Echptic Li mlmcst hied an the mtor mpbere {p. Sll. 

Ltttiltidf, rimilorlj, differs from Beclinetion. Batb are memstired on mros of gmmt elrdcB on the eter mpbet'e, but 
whereas all PeoIinatiDii tdrelei pom through tb4 Celestud polei^ mil curelet of latitude poma through the Eoliptie polei^. 
^3^* from the Oolwtial poles. The parallels o£ latitude, therefore, are always inctined to tiioee of DeelinaucFU, and a 
motioD, of 1’ in iatiteda b sftT«r exactly 1* in decliuatioD^—except along the Solitltiol oelura (p.3), which intereocti 
the Ecliptie and the Celestial w^uator at right anglen, and pii-iwes through both the Ccloatiol and Ecliptic polca 

BallOgraphlc* Selono^^raphle, Uid PlaR^tOg^rapllla latitude and longitude refer objects to the e^jdatom of 
tho Sun, Moon, and plmnets, rarpeotiFely—the equators with reference to the aiii of rotation, They thus exactly 
conwapond to geographical latitude and longitude, and positinns are denoted by them in the sazne way—by latitude 
N, or S. of the oqnmtor in dpgruas, mud by kmgitndo on that oquatnr from a Hero meridian. Their chief use is for 
ncording the positions of markings on the surface, such oi spo^ Innar craters, idro. ilrvo^rf^Aio, jSeno^raphiOf and 
»Ka^4^ij7F(^tc, are the terms for Mart, Jupiter, and Saturn, retpeotiTely. 

The mfn meridiiui on the Moon it that of the' moon centre * cf tl,ie disc, and kngituda Is mMOorod E m- W, of it in degrres ; 
for Mars mud Jopiter, tee the N.A. On the Sun, Jupiter, mud Smtum, tbsua boiog dd fired marinogs, ssre msridians can ealy b* 
srhitruy. The Sun's is based on an smsuiiied unvarying okfErcal rotation period of Sfir’3a dmym (sbc pv £6); the kngitude ii meoaurod 
(ly to ) from left to ri^ht locking Knitfa, acroma the uan^iuTeriaif mppoTGut dimc^i 0,9 in the direction of the Bun^ rotation, 
UcwsuKd oQ the star ipfaers^ instocul of the body's surface, htlifh, sef^tme-, &fr, -yrojeWe latitude and longitude carmpand to 
solar, Itmmr, Ao., Dedlnation and EA, but AcftoanlrM, orMomfrie, Ao., latitude and loogitade mre nmually employed Tor thin 
senBa. Tbsy mre used fbr indicating die pnsitUm of the Sun's equiitor with roforonLie to the ceotrs of the disc, the amount of 
lunmr liLration, openness of Saturn's ring^s, pubh'sliod mtimuJiy in tbs iVaafuuf Afniuoar. 

GalfLCtli!^ latitude end longitude refer ebjeots to the QaiActio Flaiie (p, 10) or mean plane of the hlilky Way—~ 
Important for problems regarding the dlsiributlnn ef the stAre on the star iphero. Oaloctio Intitude U meaeuroil in 
dogrws If. er S. of the Oalacl Plans GaloeEie longitarlr, from 1959, ™n|] Ive enuntwJ from the dirrotTori to the 
QaUerbifl CentrB fjx IQj inFtf^nd of, as prevldu^ly, from iti interspction with the cclMtlel equator. For the praeise 
defliiition of the new eoardiiiate syitem see p. Sin. 

AUttudfi, Aztmuth, Meridian. &e, —The™? refer the positions of celestioJ objects to the observer's faorii»n. 
The Altitude of a heaTOJily body is its vartiiSkl angular d LaLa.nee in degiwcB shove the horiEon j its the horiEonUl 

angular diEtnncein degrees between the obserirei^a S. or N, point, mud the foot of a perpendicular drawn from the object 
to the horiEDii, In the N. hemisphere, iximuth ia usually measured from south (O’) west wards, xe,, from the fTim-ufian, 
already dcAnoti me the great circle passing through the Celestial polBS and the north and south points of the obesrFcr. 
The s#a*iA and notfir ara th* points in the sky directly oyer the observer's hsad and below his feet, respcptiTetj, i,*, the 
poles of iheliorixou^ thepWfiu mn-tifflif is the great oirolspaMiDg through thexenith and the obserrer'a cast and w«t 
pmnta, comesponding 10 the SoUtiLiml cpturo in TLA. and Declination. The is the arc of the horiaon betwHa 

the E, or W, pointy and the foot of the yertfisat circle psosing through the object. (Aruplltude of variahls stmra, see pi3), 
RClur ATtg'le,—Th* hour angle of a oeJeBiial object rnfen it to the nMTwfian of the observer^ it is need in oaiculo- 
iag on object'B altitude or aciiunth, the time of its rising or Betting, ^ 0 ., mnd may be defined os the difTerence between 
its Rigii t Asesusimi and the hour of R. A. on the rnsridioLn at the time cf mn nhaervatinn, or the angle which the houi^ 
rinlepoaslng through the object makes with the moridimn—for mo&t purposes expressed to hnx, of lidercaJ tlme- 
It Is msosursd wsstwartli er clockwise from the meridian oouth ef tho Fol* (S, flEmiapher», K of the Pole). 
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Position Angle : North Point*— Tht> PoMitian An^t^ of » plnaet'a luri*^ or cf nay liofl on tho dtur i^phare, is It* 
indfnaLioQ to the hour circle fp. 3) pouing through the eeutre of the cbJecL This eirde ii the moat suitable one for 
referetiee, at^ unlike the horison, rt ii stBtiutiikry with reipect to the and being p^rpendieuEar to the horison at 
the inaiant ol eulminAtiant can be umhI for Snding the IneUiiatinn to the hodion at other times (see dimgraxn, p. S9V 
J%e iVariUPffint \m the point on the honiMsirde nearwt the N. Cnlontial palOi in th» field Of Tiew, 

foh Double Stare. The positijcin angle of a double star in the angte wliioh tho line joioifig the oompouctita tnalcBB with tha 
hour-dKla paaenug through th* brightor star of the pair. This airgle Is pusttHured ficm the *WrM /Wn* {or (XPint un lim 
hour-drule ueareat tha Nuith Cdeatiat Folti^ in tho QaEd of riow) froul 0^ to IlOOVgi^iag round by S., and W. (Sod 39J, 
(6 ^ San^a or Plaitat'a ajtia. Tho pooLtit^n angle Iti tawsumd to it hMjm tha Nurtli Point o« tliediJH:. This Tarifln thmughout tha 
ymir 7 hut for tba Suei^ on the aatus ilato it la about tbb same avHy yitar (sen the bzhJ diagram on p. 40). The angle 
Is measured, from 0‘ to for the Moon aod pLamita, as in (a) ; but for the Snn, E, ( + ) or Wh { —J of the hour ciroK 
Limb, Vertex.—Th® iitm5 is the edlg« of the SnnX SloonX or a planet-a disc; the Ctufps, tho homi ef the 

cnwicent (less than halMUnmined) Moon, Morwui^, or Vonus. Tho Ferte®, aomotimee need for oceuitationn, ii the point 
on the limb furthest above tho ahserver'i horuon; diatanoea from the vertex aro counted eastwards from O' to 3€0'. 
OppbSlllon.^Btura, and the outer plnneis (p^ 3li|}p are in (lymbol ^), when IfiO'* of longitude (or 

him. H.A.) away from the f^nn on the star sphere: this occun annually (nfapiter, I'l ynin), but biennially for hfan 
and motH iwteroida, Th&y are then on the meridian about midnight, and nearer the Earth ihoo when not in oppositioD. 

An oppoeitloii is 'favourable' when the Earth and the planeb are near the point where their orbits moat closely 
approach, and as this point is alwaya about the same longitude, favourable appositions ofioo^ fsia jrfoiM u&out ^ 
stiiBW in tA* year (^ven on pp-3Jl to 54)^ and the faroufableniHS or otherwise of any dppoaiticn can always be 
judged by Iti neamees to, or remotenesa from, that date ; the least favourable arc six mouths latm-F 

COl^jltQGtlon : —A oelnsttal object ii in oofynncflon (symbo] <d } with another celestial body when their 

longibudea are the same, but the term may also denote equality in Eiglit Aoceniion—as in 'Pbeutunena,’ for ■ocoe 
objects. Mercury and Venus are in In/trior (?oiy't»fv:fion with the Buo, if the ecajunction occum when they are on 
the aide of the Bon nearest the Earth: in ^nperior Cenjibf^ion if they at* on the for side of the Sun., with the Sun 
between the planet and the Earth, The Moon ia ia when in oanjimetiau or oppoaition, t.a, when New or FuU, 

Appul 50 ,—.A Bf appulae if the near approach of one celestial body to another; the term ia also used for approaoh^ 
ing oulminatien, oanjnnationi Ae.^ a^ the appulso of a star bo tho meridian, of the Moon to the lLlart:h''s shadow, 

OrbltflJ Motions.—The orbital motion of a planet oroomet round the Bun, or of a satellite round its primary, la 
IHnct when from W, to E,; JfairT}^i'>a<ia, when from E. to W.^ simUarlj the oeoming motions of ths planets among the 
■tans, an SeBti from the Earth. A planet Is 3ia(wn(ny when its muveraeiit is reversing to the oppoalte direotioc. 

A planet or comet is in jPcriAfljJwn (v) when at the point in its orbit nearest the Son ; ia ilyu^ton, when at the 
point moat distant; In {?wa£frflH 4 fns (□), when 90* in longitude from thn Bun, The Moon and tbo planeta are in 
Piriff€i when at the point in thfur orbits uaareat the Earth; in Apo^e^t when at the point most duitant, Pcrweiiire aod 
Apoemt^e are the enmaponding general terras for a satellite with respeol to Ita primary ! for Man, Jupiter, Saturn, 
/'srtmafiiiul'ri, Pfrijontf and /'cruaturnium, are used, A planefs ^lonffctii»n from the Sun is the angular diituioe in 
degrees as scon frtun the Earth; the Elcn^vm of Mereury and Venus ia when that angular distanos raatthei 

a maximnni—not neoewoHly the very greatest. A comet in JUtxMsian b moving away from the Sun, after perihelion, 
ISUlptlOlU Orbits.— Tht Major Axii (symbol for aemi'majcr axuii a)is the greatest length, usually eipreoKd in Aatron. Unite; 
midway in it is the Crolrs of the eLiipw, Minor .Hjru('Bi>mj-mltLcr, b} is the line drawn thraugfa the eentn at right onglei, the 
grtAteat hfeadth; ih* >betu—Kcupied by the Frimar^ (p. 7)—one of two points, equidistnut frtvm the ceutra, such that the sura 
□f thrir disttmaw from the fooi tn any point sn the orbit is dotistaut, and equal to the major axta 

(fl) ia the mtio, to the sBrniranjor aria, of the focus-to-onntra distanra j lh£ iiaAitu reader ths Ime joimni 
the »ntre of a phme^ oomot, cr aatetlite, to that of ite tmtiiwy, usually given in A.Ua Thr Apridsi (plural of apms) ara the 
sxtceniitiEn nf the major axis—the points of perihehon^ apfaelloo, perig^, ; the Lma e/ApdA**, that axis axteuded Indeiaiteily. 

TAe yodsM are the points where a planet'a or ninet^s orbit iotersecte the Ecliptic on the star sphere—iv., when the ctigeet is 
Id ttie Eeliptio plane’*whiare the object croBse* from 3. to N. ii the Atc*ndin^ aocSr C^l h Emm N. to Si the Detctndinff node (y J 
The [fruejfvj ia the Htnal periheHon-focua-pkUBt OtigX msdaumJ in the dlrectinn of the plouet's UOtjoii; the ifAlii 

daemdiy (if), that angle calculated for uniform, net actual, motion ; the Sccmtric dfwttvjrfy O) is derived from it, Jf^a-asineoi. 

The Elemimu of an Object sje seven factara required to detensiDe ('uj Poaitiou in space of fte orbiWl, the setni-truyur axis: 
1, the eoDentricicy: 3, the inclination to the Ecliptic i 4, the loe^tude of the oaoendiug nude i h, the longitiidB ef the perihetion ; 
Foeitiou of the object et eny time— 6 , the orbital Ijerlud ; 7, epoch (position at a Icnowd dnte); or, tiino ofperlbhllCKa paongei 
Theei ore the Mdiaeemrie or Fixed £?rtnenJf—the object's ralaticQ to its primary, the Snn, ignoring Other planoto. 2TW 
Baryceniric £7«iura£i are thue referred to the nr oeotro of ihoh of the Solar Byetem, instsod of the Sun, which give a 

better average orbit’—though the heliocBntrLC aDecornKted for ptirfurhaii'enu (diatOrlmncee) by the oUlCT plaOeta la wore aiseuntd, 
The Ckridatin^ Orbit ift that which a planet cr carnet would puraiio if; at oome specilisd iDStont, the .fi^A o/ oU 

th& ploiicxA iihould otrase to attract that hody, and leave It free to move under the atteactlon of the Sun alone. 


* In an riliptifO,! whit, Ihs oode’psHlisltMt.Tinde ssgk V ilways teu, to degrrei, than code-ajihalim-iMidh, hut tbs diltEHOM la 'ridiiif 
(f ^4 oio^Lridty is inutll, u fn the priiicl|ial fLhcsUi. AI«a pLanst atcrioJi iM muitnuTn hnlKicaDlnie Utitvis, abovs ths plans b( ih* 
iMiptic, halfway bslwfsa lbs nodes—M. about &IF EoqgtiLiJe, for iha iirtoiilpiil plaaste, wWnh Juve UBorly-elnnilar erblm. 
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Flanetafy Periods .—Sideraal PmtHi of ^ plmetj its irue pnriod of revoktioa roaod the Snn. im tJiF? timo 
it Ukkei to make & oomplete oircalt round the ^tor ^pliDte^ frotii aEat to ■tor ogoiUj oa Been from the not the Euth. 

The Sywdie or Apparent PeritKl of tk placiet ii the id tergal a* Kcn fr&m £A« Earih'» t-^ydrtj betveeu kucct^aaEVa 
oppositioue (or coujanctioiie) with the Son; or^ for a satellite^ between luceesaiTp 4fimi]ar elongations or conjutiotioni 
with its primoiy, llie Anomaiitiic Ftriod ia the interna] from any point in a planet's Orbit to the iNHiie point again 
—for matanM betwotn moceaaive returns to peiiheHon or to apbalion ; thii perlodj and also that ol onceeaiiETe returns 
to the soma node, ie prootkal] j the same as th* plmet^s sldesroal porioii 

The Svnodie period dotermhiee the datea of appoHEtioli, eoDjOD'CtioEV Abo.; the Sldsiml pottofi, tbow of the opening and dosing 
of Situni'H liogo, also oF the recurrence ef a ptanat’a gieateai or S, Utitudc^impcninEit for obBerring Mercniyi 
SeOUlnr AoceIemtion.^Al] apjiorcnt ahorteiiing of tha perioda of 3un, Mocm,, and p]acietl4 os eobi|iarBd witli tlioee coi. 
cutatod OP the baeia of unirorm RlOtfCOl—a oburtening aa minule m to be oniy datoetabSe in ' Bocnlor * periods, if., those of the 
orduf of a century; it la cxprraiBod by the number of seconds of arc per century the object k ahasd of the unifons- mndoei poekion. 
It Is smipEBst te supi^Mise tiut the periods do not but that our day, the unit of meoauroment, is atowly leogLhcniijg (partly 

threugb tidal friotiop) by nome IflOOOth of a secand par ooutury, on the amra^ so that aftor a OAOttuy the Dumber af days m a 
yur is a fraotjen less than bo/ore. 6^ of tha Moon's ancelEroLlian, howoTer, ia due to other caUBOe than the lengthening day. 

Stfcvfqr owehff-af ibn e/dfooo, niwiit 10" per oaplury (1337 ajdereol mantha]! j o/ tAa Sun^ about l**‘a per ceutwy, 

Rotlltlon. P&riod9 -—Sidenal rotation period of the Sun, or of a planet or satellite, it* true perioil of axisJ 
ntatiou, ia the intemd between a starts succestiiT? returns to the Bome mcridiau on the ^un'^a or planet's nurfocn. 

The Spnodi^: or AppartTit rotation period of the Sun, or of a planet, is the interval, os sesu from the Earth's 
centre, betwedn succeasEvo retnms of a meridiaq on Its attrfoee to tho oentre of the dlso, Tho apparent rntatiou 
pertods of the Superior planets merely vary to and. fro a very little on each aide of the sidereal rotation pcriodiu 

The ff un and the planets—CraQua axeeptsd—baTu antnolly tbs satne 'dirsut' mtation on the Eortb (fram W, to E Looking 
aoutli), batteusoruBBcu mvailTing from E, to W., because tha-betnkpbEre we see beaB in thBuppcMitediTBction Our liertikphsre, 
Tho EqulntixfiS and SolsUcos *—Tliv Vernal ami AittarmuiJ Equiiuxixt are two days in thsymr pn which, every- 
whera on the Hinrth, day and rnght am etjusl, whoane the name. The insbant when theSnn oroesea the GeJa&Eiol liH^iiabor 
into the N. (Inleatial hentiaphore^ on March 10-112, detorminea the VemBl or Spring equinox (mlso the solar ymr, p. 
this inatuit may be dktlnguislicd sa the iiumfl VerDol equinox, in oontrust tn the niDTing conventioDsl Vernal equinoi 
nsed for RA. 'the Autanuutl equinox is on or about Sept. 53* whan ha rearoasas into the fi, CJeteatid hemisphere. 

The Sot*tioe* ore on the iongeat and shortest days of the year, on er about June 21 and Deo, when the Sum 
at tains his gr^toal angular diatouco N.orS. of tha Celcnlial Equator, and 'atands' for an itiEtant before (liming bock 
the Equinoxes and f^alatiees al ways hoop to theae dates, by the Leap year arrangements of the calendar. In the South 
toTKatial hemisphere tho aOBBOTu ore reversed, Sept. 23 being the spring equinox, !>», 22 the anmiuer solatice. 

Precession of the Equiiioxea ia the annual oocarrenco of (be (literal) vernai equinox, about Mar. 21st, nearly 
20) minutes (1/23,800th yoor) before the Earth has made a wmpl*£e orbital revolMtion round the Sun, so that each 
year, at that instant, ho creases the CeJestiol equator at a slightly dUfeieut point. 93,SOD years will elapse before he 
again oroEOCB at that point. As tho resnlt of preceasion, avcey star—except those less than 23)‘ from the Ealiptio pole^ 
—pasaeo through every hour of R.A. from Oh. to 34 h., oncu every 25,800 yeara; aiflu the Declinatiout^, eveiy 12,000 
yeara, iwing to and fro 47' (23)* s 2), greatly changing the ator* vUiKLe at a givan place, or ncaoon, 

Precsflalon ii dim to a eoDtlnuiouB minuta tUting oTtbe Earth's oxia by tba Siun and Mc<in, which csiLMH tbe Celutiol |>alea and 
equator (always overhead at tfaone af the Earth) to change their placea conthiuously Among ibe Hiurs in haixunny, so that each 
Eucxameivfl moment tbs Celestial equator mteraects tbs fkJiptlfi at a olighUy dilfiircnt point Jih tbs oppnwto ilireciirui to tbfl 
ERrtb'a orbital moEton) of the utie it would occupy if left ujidiaturbed. Hiua prccBSBiEni ia cuntjnnniEB, ttot a yearly jump; 

Tho tiJttDg ia the remit of the bulga at the Earth’s equator^ mdinod oomadarably to the plane of W orbit round the Sim, 
sod fl-lw* to that of the Moott £l.dJ of tbo bulge b obevo and bidf below the plane of the Earlh'a orbit, port uf it cumuJcrably^ 
and the Sunk and ^loon'e pull na the elevated for doprensad) poriicu neonet them ia slrongtr ibon their pull on the mure dbtaot 
depruaoed (or elevated) |inrtioD op[w*ita. This tends to tilt the Earth’s oils towards the attmrtinig body, and, by the gynwcopic 
bw applicable to the rapidly-rototiQi Earth, oauwa the Eartbk axis (which would otherwise always pomt to the aimie piositicHi 
an the atar sphere) aod Lhe OolmtUkl poles to rotote round the polea uf her orbit thoae et the Ecliptic) tu oirclea S3)' dietont 
from theni, and in a period of £&,B0O yoan, dtiploaing the Vernal Equinox m the eppooita direction to bor orbits] motioEL 

The AmouJlt of Preoesslon.—Every day the Geleatlal oqnator IntereiicTis the Boliptic at a point about l/7th of 
a oenond of arq W. uf the paaition the day before at the aaius hour, bq that ILA, ia memaured from a elightly diiTcrmit 
pointon the atar sphere each day, and each March 13-33, tbs liieral Vernal equinor is 50^^26 W. of iti positjon a yiAr 
before—about 3 seoDiids of R A-, Or 1/37 of the angular hrsadth of the Moon, or 1* in T1 '6!1 years, or ] ' 303 por cerLtury. 
Thus the First Point of Arie*—which wrae 3200 yearfi ago was in the pOucbeilatinn of Aries—is now 30* to Uie west^ 
in the ouuatijllatioii of Fiscea. Star cliarta sooner or latEr unose to give rtaspnably aconrate poHibions, owing to tbii 
ohoDge w the toro-point au the Ecliplic, amounting to a wbalu dcgrtw, or twq Idpon-breadthi, in about 72 years. 

[a Star Catalogues (be ptooSMioD in R A and DeoHiiatiou tojucssDto the to-crdinatA oT tbe total annual Ldbot protossional 
ffloUau of ooch ftar along the Ediptlc. Near tbe Celestial pclsa, tbe figursa makn it seem vary greu^ but a* regarda actual 
eibatlge on the ator sphere they am toisleading. Among the close]y-erowded naariy-ifKiiaTeiged bosr-CUtdua of R A MSt tbs poltti, 
a uuivoment of many aeouudH in RA« os masHured sjupg the vory amaU PeelinatioD paraUuls^ k only a few seoorHk when 
oouvETtod Into Equatorial gnat-clmle meovure. Tn oouvertbir a star oooitinn for preoeasiou, add Hie tititraat uaiiite ngnt 

* At tba Selatitkl robita, 
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NutBitlon.—Tlk« prfKMMuioniU path, traced an thtr «Ciir tpherb by ths Uet»taAl Pula Ia a wavy Lina varying; i1i|^ Ely 
fcoiD n trun iifdo. Thin irregulArity b caUad AVufaJwi, tasing^ u it were, « ‘ nottiling * of th& CelcfitioJ polaa to and 
from frtifli tha EeUptIc Foie?., and ihungh minuto—about fl" oneacli aid^of themEtan, of IS" in 18| years—pfimaptibly 
mdcliBaa th« pmoesiBiaiiBl dlaplnAamu&i in RA. and Dealinatinn. Tbo Eartbb axii possuB tho inean podtiou about 
3^00 times in tba ^S^SOO^year period. Nutation ia due to tbs MtHinb being scmetimeB above and sometimes below 
the RcLiptiet and an not alw'ajB pulling on tbu Marth'a vijuaturial protuberancti’ in tbe same direction os the €un. 

The above figii™ for nutation gi'Pe the jVkitr/ujn in OUiqnity —tho total niotitui of the OflleatW Pole* to and fm from the 
EdStiJtb: pt^w, KutatiJjn m R.A. Is Its co-ordinate mewimsd along the C'elestial tajdaUiFi and A'ttiuiim in jLon^iiud^y 
pr tbp of th 4 ita PG-Didiaata Imiaaiiml aloDg the Edlptlo. 

VaH&tioti of LatiludOr — l^tar Declinatidni ihow minuto irregular oyclk obaiZtg«a up to (T'OJ:, due bo Lhu Earth'a 
paloH wandering roand bur muon rotation axis ouonter-olockwiae—the conihined result of purioda ariaiug from (a) that 
axia dtfferiug from her axia of Agure (432 dyi.}; {&) meteorological ehangea (!■ Jt,): max dyparture frcni mean, 60 ft. 
Primary, Satellltei—-Two (or more) eeleatiol bofjjoa which ravnlvo round a common centre of gravity aro 
pAynen/f^ conneefed 1 the larger la the rriimry (tbu Sun, fur planata and [foniefei)j the smaller^ the Jl'flIeWtPff—or for etare 
the Cpmpi'^oiunt which implies vumal proximity, but hoc nupcasarily physical eonneciioDp Stars with imotiDDS similar 
in amount and direction on the etar sphere (Moving Ciusterat p, 1 Ij, are also taken as being physicAllj conneoted. 

Phase denotea (o) tho extent to which the disc of the Moon or a planet, as seen from the Earth,, ii illnmij'i.ed oc not 
lllnmiued by the Eiun—in the latter its D»rA or o /(^} Appearance or conflguretioR, 

oa in the N.A. * Fhoaea of the acUpeea of Jupiter's satellites'; Affitci is also tmed in thia senae. (c) The ata^ of pro^req 
towarda maximum or mini muni of a variable star, + denoting the No= of daya towarda the formFr, - towarde th& [»tber. 
In any parlodio phenoinonoii, tho fraction of its periotl which haai oinpaed ainco the last ocoiiirTtiruso of a given aapdet- 
PAcus is greateatjn the Superior planets when they are in Qu^fdraivre (□), i.a,, 90" longitude (ov 6 h. R.A^). 
from tbeSttii+and therefore on the meridian about 6a.m. or 6p.m. As phase decreaaoa with inpresaleg distance from 
the Earth, it is only olwervablo on Mars, which tMcomes ;?i£&ot4a—i«., not quite a full dian.—and qu to the 

extent of a slight shade along the Limb furbhaat from the Sun. On the other outer plonBla it la wholly unmeBatirabla, 
Albedo.—When aunlight fails on a planci^ part is absorbed^ the rest reflected i tlie All^Ja of the plauet ia the 
ratio, to the total sunlight received, of the light it reHeciU in tUi direotion*; thia cannot bs deLermiaed fituni full phase 
alone, and different fonnul* giTo, rather diderent reseltH io noin* fsooea, ssetha Table on p, viiL 

Pefl^AbUO'n-—All observations of position Liare to he corrooted for atmospheric refraction, which raisei a celestial 
object higlier in tbs sty than ite true poftition, by tally at the beriaon, decreasing toC" at the unith (Table p. x). 

AbSFPQtlQTL—The velocity of light la not infinite com pared with the Earth's orbital velocil^, and the two 
velocities combined results in a small variable diaplaccmmit (miLi. 20"'47 on each side) of oelefitiai objects from their 
true posit jobs; the Earth's rotation catiSM a Issser aberration. At the end of a sidcreat year,, however, a fixed star 
Mturns to iu original place, eo for oa aberration is ooncerned. 

Apparent: True-— fn astronomy ‘ thingi are not what they aeeni,' in liters! fact. Mowmenti actually seen, 
and poeltiooa reaiJ off, by thoobaterver, aro in gsneral not the real movements or positions, owing to refraction, aberratioco, 
Earth's orbital motion, and are therefore called AjtjtarfjU or observed movenemte or poaitiipUB—Apparent Timo* 
Noon, K, A., morion, Ao, Tho Tnu (real) valuee are ♦reduced' from the apparent ones by eliminating the effects of refrae- 
rion, and other fanturs modifying tho actual volnea, but sometimes 'True' ^ ♦Apparenl/aa in True Time, True Equinox, 
EpiJOb--—The date for which an astmaomleal catalogue, charts or pocition, Ac., has been calculated, oj^ sooner or 
later, precession, proper marion, pareeptibly xhonge the positions given, and conifiorison at futureepoohs would 
be uf little uM without this date. The usual date is Jan. 1st of tho year; that qf 1050 is a standard one.' 

Ephembrla (plural Eph.einerides). Any Tablo of oaloiilated posituons, Ao., in connection with a celestial object. 
The JnufrdccjTt qoiresponds. Lo the British iVauftci-jf d^tjumor, and has some Tables not given in the latter. 

EquOltion.—A aniall correction on the iigures actually observed, to elimniate inatrpmental, uculnr, and other 
imptirfrotioni^ grouped Eogelber os iS^srifnaric Errcrt —la, rrror* that always recur when the obBorvationa are repeated 
under tliQ same cojiditiatia, and with the oaniB instminenta (AcavinUal A'rnpr# are Lhoae that do not rECtir, aa from 
abnnrninl refraction, 4c.). AJflo a liiiuEar eorrectkin for orbital irregnlarity, oa in the f^uarioit nf Ttms, and ih<f 
SquiniK^tt ww*!»>»* For the erfora ol the eye in observing, aae an intenasritig paper In the vtiL 30, p.4. 

Thi Ptrwanal S^uation of the nbaerver affecta ohsHirvjitiotis of every kind, and for refined work has to be found 
by aiperinient; the transit rocorda of one observer are regularly late or early oom pared with those of anotlier observer, 
Cofoar nnA see p.l7. Transits of the aame star recorded in the hours after snneei and 

before aurviae, reapectivelj, also taom to reqaire on equation, a difference of some 0'06 second having been noted. 

FundementStl ot* Clock StAFS. <tre atan the poaltiona, 4c., of which have been mnaaored with the utmost c&re, 
and which OTA uso<J as reierenoe. poiuti for findmg tho ft A. of other stars with less labour. The poaitions of these 
stare for each dnv is given in the A-d.f they are called ^clook atari' because they are need for regulating the clocks. 

Dependanolexi a short, and arenrato method of meuaring paaitiems an atnr photographs from the 
Cfni-rt _^an imaginary point, close to the image of au Htcroid or planet, the position of which can bn exactly calculated. 


* ASTm}(OM£CAL TSEMS. 

A Day is (a) ttie al tho Suti, Aloon, or ikptuiAt; {h) the intorr*! betwean retnrzu 

o( lb caloatiAJ body to mu obBBrTflr'i neridua. With renpett to the Bun, or m ittor, thr^e ‘ dftji' urs Di«d in nsti-onomy — 
1. iWrAitiiwy Svlttf Ikty of Bd. hoUip—itrirtijf b|XrAklI]^ tliO aligiitly irregulw ialOl^ml betwatn tTJiniiittt of thfl rool 

Bun, but in jirastiaB tnkfln m the Utivwyitt^ intonoi between tboae of*a tblttgiDary llniLa Bon,'a4juHt«d to tbunowm^ 
aalflj- dmy. Tbo tTUU WJUr d-lty M VAtibbtu to tbe exteut of bt ki^uuIh liatwEsso the fiKti^iaOH, Iffrih^ 30 ■UoOtkdii dvot* the 
tae&n adIu- d*y Dec. Si, oini Si KwontiH luider tiio mawi klxiut Sepfc, 17. A non Jiy or tkba on tbo Eartli lnsgino 
ofj ttio lirUt Znno^bu tuojridiiiii ISO* E. of Cireenwieb, with devia-tiona Jbr geajirRjdiiusI, fio.:, rtlHom. Jviiam pr B, 
TA* /kHijiMl und Sharitri ate at tha SoUtlCH, but owing to tbo diUerfflWe botwoen BuodiAl and Mean time {looaljl, and 
to ohuQ^ in it resulting fmm the Tarying hotif of aunsot or Bupri&a in difleruot kdtudiw, Iho datoa of evliuqtriBliigand 
Betting Tory froiB ttn? pwtiAJfct iotiitlwrt with the ktitudo. Thaiti «ti iwo lurliEsk Mid Itt-teata in low ktinidoa (aua p. a fi> 

S. Th£ EuiareiU Aty (ooo runtioonJ) of i4 oidjuruid or BJL houri, bho ititomJ between guocMaif e truHitB, bcH' of a*tar hut of th« 
ofor-inoviug 'IVuu Ei^ufual fSS h. Ddm. iilllOfi w!«. mean ttmo}; it is rwlty tho eideraaL ‘daTi, uaed In profar- 

HloU to C3) bwaiufe the Sun's B.JL—being ftlwftyi Cf about March Si—-it always about tira satne an a giTfln day of the year, 
3. Tkt Sidarial tba intorral Lwtweon nuowiaEiJ ve trauslts of a mtw {£3 h, In. i'O&Kt eecfc moAi'i limej, is the fiin 
poriod of the Earthauat mtatiou. Each year it falls behind (S) by 3 3 eoca nmao time, ornjoEly 1 day in yoara 

A* Uua ii DMrly I hour pjer 1000 yoare, the sGan kmiliw to ni now as winter, epzing, At;, eiani will iu latiw 6000 yuaim 
h« thwe of autumn, wintor^ ftcv 1110 true mdomal day ja ^lmgularly) Isupthening akmt l/lDOUth second f<a: oeninty, an 
the avoTB^; in harinody, therEifore, the sidereal yeiif, eipreiiMd in day*, sAerr^wr »t»out 1/3 kI seccjod per centutj, 

A Lunar lAay, the intiicvai between sueoeevve meridian traniita of thu Moon, rarieii from £4 h. 38 m. to £5 h, 6 m,, 
and ayeni|;ee 24 hre. fil m.; it datenuinea the tulO'intergal from hig^h water to higli water, which k 4af/a lunar day. 

Our JHm* (Mean Bolar Time) ii bued on the mean tokr day; Trw^ or Apparnu i^iofar or aundial 

time^whiah rarira sligiitly trQm day to day—Qu Ulb Sun^s aotual aouthings; ^idtrAal 2'^iLnu, on the aidensal day. 

The year-—The Salur, .S^inocciEiJ, or 7'roytca/ Tm?' -24212 apiar or 36^'2422 side real djs) in whiiih the Masons 

recur, k detorminod by amweasiTe mtams of the Buu to the same equinoxi or to the name ‘tropio’ or 'soktiiiaJ point,' 
the (toint on the atar epIiEre where he attains his greatest distance N. or B. of the Celestial etjuator, on m td-Buujmer or 
Dudiwinterdayi: 'tropic' also denotes the Declination parallek UP the star spbeTe pMulng throogh the lolstLEiaL points. 

The Sider^at Tsar (365'2364 days) is thu iiitcrvaJ IviitWBen soccessire coPjonctioPB of ibu Earth with a star, aji 
seen from th« Sun; it 11 the true period of the Earth's orbital ruvulution round the l^un. (BoUtyearu 20|^imiL ]«e). 

The dnurWufto Tear (1193-2996 days) k the mean interval between the Earth's reterne to pciihelion about Jin. 2, 
as it Varies a ilay or two on each tide of the mean, perihelion may oecur twice in a calendar yc&r, or not at all. 

'Eic Julian Ttar, uaed in our calendar, bu oiaotly 369^25 (3S3J) daye^ the jfractiQn is adjeated by haring Calmdar 
Tears of 369 ar 36B days, the kttor in eirery fourth ysar diYieible by 4 (kap yr.). Ail yaara have been. JuMaa alncu the 
/ull&n year was Lastltuted in 49 b.o., except (a) 1582, which by the GreRohan reviiiou of that year bad only 359 day«i 
('Bntamand ita American colomos auhetitutod 1792, which had only 335 daya inatead of 369), and (6) 1700, 1800, 
If00, rastricted to 399 days by the now Gregortau rule omittisg leap year in century yean not divkiblo by 400. 

The Zuftar Tsar (334‘3670 days) of twalve 1aaatipn% uaad in the Mahommedau calendar^ has twelve months 
of 29 ur 30 days each, bated on the y^mu, or 6rat ebservatioiu, of each ^ew Moon; it may have 394 or 399 days. 

Btttd't FictitiouM Teor, uaed in, the S.A. 31ean Star PlacSfl^ begin* at the instant when the Sun's apparent mean 
Eongitode i* 280', on Dec. 3Ut oivtl date (in the JT.A. 'Jan. 0,^ to which it oorreftponds), or on Jan. lut. 

The Sdip9f Tear (346 6200 days), the interval btstween successive retunu of the Sun to the Batne node of the 
Moon’s orbit, ia the period of poenibLe rormrreouc 0 ! both »olar and lunar eclipsee, which can only take place when thesie 
bodies are within a smalt diitanca from the nada, 19 ectipAO yean are 6989'78 days, almost exactly the same u the 
ancient 'Safoa' lycle of 6989-32 days, (18'03 ym), the poHod after whiob the same oelipsei ocoar regularly for ccntunea 
d J'foftoTi Faof dmiotos ^e period in which it eoenpletea one orbital rewolntien round the Sun. 

Lunar OIOIltHS.—27^ Synctlie Manth or Lunatiafi (mean, 29-93099 dayii)^ the pchod from Now Moon to Nkw 
Moon, or betwsen aimilar pbasam vaiie* between and 29 j day& New 3toons recur on the uLine day of the year 
exary 19 years (subject to leap-yEor diitnrbances)—tha ancient J/ctonic C?yo(d of 235 lunatioDB, or 6940 daya Dui 
four eydfn wore found to dUpLacia tvicurnmoo a whole day, ■« 239 lunationc only amounted to 6939j days, lo the more 
■ciraritui CaHippie Uydtt of G939| day* vl 4 was ftumad, which adjusted the error on the aame principie m leap year. 

Thu AnfmmligiK Manth, from perigofl to perigee, 37^69495 days on the average, is the period of the Afoon's ehiuigflt 
ia angular diameter and InminoBity, oa seaji from the Earth; it varies a day or two on each side of the mean. 

The Sidervoi JfbttlA (mean, 27'32166 days), the period In which the Moon circuits the star sphere from tranisit at 
the some instant as a star hack to transit at the emuo time 'with it &.gain, is also the short term period (p,3f)) in which 
an oocnlEation may recur, or in whtoli the Moon’s dexM proximity will ogam hinder ihe observation of a sEar.. 

Tli* Xod-kal Mouth, or f^ntsonitie Period {mea^, 27'212220 day*), from a node hock to the aBina node again, is oIeio 
the period in which the Moon again attains her greatest distance K. or 14. of the Eollptio; it varies from about 27 to 271 
daya As the 3f eon's nodes travel westwards along thti Bdiptm about 1^* fw-r month, ber path sweeps ooinpletelj 
reund the star sphere in about 13^ years- the Ecfiptic Lhereforo fopnjsnnta the Mood's avemye path on the star sphere. 

7V« Tr^pieal Menih (mean, 27-32158 days), the JTwn’s period from donjunation wiUi dho Tme Eiinino* back to 
oonjuQctiQn again with that Equinox, ia iJie period after whioL the Moon ho* again thu jiamc lon^Ltmia 
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Sidi^real Tliiie<. niad fgr Tn^Kflaring: RA., {« the bitgrraj^ in liidurBeLl bcmrBt minutee, and Hoondjt^ iiLnoa the pn- 
ofldlng mi^ndian pasu^a^ at ^Ten pla«4^ nut u£ a ita^ but gl iba Ti<ue EfioitiDi ar tlrat Puuit nt Ariea ; each lideneal 
EioTirii 1/S^4t|i ol thft a^era^ iiUjetTa-t (bcc belowj^ and tgcs. miean time nlmrter than the lae&a aolar heur, making tha 
■tdereal daj Sul CG'^la, (uii!aii time) iborter than the mean auLar da^, E^b baa a aidet^ oloek keeping 

thutimic, to give the buur gf RA<r On tiiemeridian at an/ time (Tabte at Obra< b/'tbe elofdr^ the True Equmox 

ia on the otMenr'aturj'i nieridLajs, Aa that I^uinox u not dimdtiy ub»cr¥nblg gti ibe Tnrri diatT,, tbo nlook la mgulnbed by 
obBerring: imufliU of 'clunk' Htam (p, T) of koDim poiitioD^ given in tlio AT.A. 

^ideraeJl Time is tbua a toatd aidenal tame^ tneamiT^ frotn^ arwi kuping step with, the Ti^e Et^ulnex of date^ but dif^og 
feem the eideroal time of ovory other olwearFatOI^ UOt cn the aaina mnriijiiin. Jtging meajiuPBdl by a olodt H it a ttniforns 
time, but it la not Actutd SUtrwl fVW, tho intenral betweag inceewive tnui^U of the True Equinox being utightlj irregular; 
the diflitu*enDe bum tbs dook time, bowOTer, is too auiall tc oaoa« practical inoontuaiaoce. 

Un-iform or J/ean Sidrr'iai Titnv baa tbu aaioa reJatian to ordinary lidornai time u klean Time has to True Tima. 
It ia moasured from the Jfinin eqimnji of d^toi instead of the True equinox; the diffnranee never exceeds t I'Ssec*. 

Tlmd, shown by ordinary docks, is the interval sLnoe the preceding 'mBan midnight,' or instant when, during 
ibfl night, an uniinary clock, correctly regulated lo the aTemge length of the mean solar day from noon to noon^ show^s 
13 bn., or a Sl't^hoar dock eiiowi 34 bm Jfdtin TITomi is the instant when mean time olocks Indicate XII, at midnlaj. 
Each countiy has ita own msridian for 0 hrs., (sefe bekir ' Standard Tlme^. Local J/san Tim*, see belu'w. 

Apparent Time or True Tim* (solar), is Sttndie^ or Zocol SHinw, baei^ on the observed interval {varies slightly, 
p,. S) l^tween two anraessive transits of the Sun's centig at a given place. These dilfrreneee, by aeouinulatigiL, qiiay 
RiDont np to ± 15-10 minntea from the mean iaters^ thus tg obtaLa the trne Local Moan Time, a oorrcctign called 
the Equaiinn af Tim* hai to be added te the Trne Time, or aubtracted ; this is given in olmanags, ■ometimes an the 
sundial {Tabley p. xii), The Son and clock agreo^ however, on or about April ICi, June iA SepL 1, and Dm, 35. 

Astn>nomiChl Itnd Civil (Mdan) Time.’—BoEb bsgbi at midnight, the former starting at Ohm., the latter a| 
12 11 . 10 ., and are the same till noon—in Civil Time 12 p.m., wbon the hours begin again with 'p.m.', till mldiughL Bub 
ABtrunomlcal Tinto, to avoid eonfosion with a.m. and p^m., oontinuos 12 bra,, 14 hn., Ac., to 24 hrs. or Ohrs., midnighL 
iDterval between two Phiennnieiia.~Till I>ec. ^1, lU^ the astrdugmical day nn hum ndoti to dooii, ao that ita last tweln 
hfinm «e« in the fnllpwibg civil day. Aa ihli caused Donfoaioni nn Jan. 1,1026, the astrcnomioal day banning was put babk 
twelve hours, to colnuide with the civil day. Herwe in fitKiiug rnttuvala, one befon and tbe athcr arter mklnighe: l>oc 31,192^ 
ta nbiaib tbs true intorvid, U Aetutv Riuit 2f« dbdurivd irotn the apparent inlsfvjd arrived at from the jVA. dates and bonm. 
Hie but way to 5nd leog intervals is to oenvert the dates into days of the Julian Feriod (see Ihodow) by the Jf.A. Tablee. 
OnIverSAl Time (U.T., T.U.), [Brituiii, Creenwich ifeon rtBw (G.M.T.); Qermanj, ITcftceit, World-time, JT.Z.], 
denutos the Mean Xinie for tb# mwidiiau of Gteguvich, ■tarcLug at midnight for both Civil and Astronomical Tima, 
Ontude Britan, {^reenude^ Ctetf TimufG.C.T.) was often need for this time till the LA.fl. adopted U.T.^ 1235, 

Nocn tc uoso aatranoinicKl time, when roquired, is designated O.M.A.T —Cneuirich Mean AstronDtoJcal Tlmei 
Siond&rd Tlmfi is an internationul arrangemeTit Cor facilitating iDter-communleatlgn, whereby {a} Oreetiwkit 
Is taken as the univoraal »ro of longitude and time, and (h) the ufflcial nwan time of each ogtifttry or targe district 
diflhrs from Groenwieb time by an exact cnulttple of half an hour. Por the vurigus HUndard Times see almanacL 
Local Mean Time, requirad for finding the clock time of son rise, southing of the 3ue, fkti., ia the true isi«an time 
of the meridian gf a plaos. On the standard meridian, at a given hour, the local time is slow ootnpavid: with that 
of places to the E., where the day bi^ns sgoner, but fast compared with that of placfB tg the W,; hence to obtain ith»l 
me^an tifiQS, add to^ Or subtract from, the standard mean time, 4 miuntre for each degree the place is H. or W,, respect¬ 
ively, of the standard meridian. Tbue If usTng, in otlu^r plitoeR, the Sunrise and Buriset Tables calculated for the local 
time of the standard merkllaiL (see the jV.A,), the longittade correction rouft be m^tnuted for II,, added for W,, as the 
phenouiena take plac€ earlier and later, respectively, than at the sniiidard Tneridlan. 

yg’htTimei tbg time toJesa by light to travel from a oolestial body to the Earth at a given moment^ baa to W 
allawQcL fur when computing true rotation perioda, An For tiie ijun, at mean disLanca it la 40d'58 secs. (&'31 min.); 
the maximum U about @'4m., the minimum, The ob&erved maxima and miuima times gf variablH stars require 

a + or - light-tiiziD oonectioD for the Earth's pasitlon, aa parioda are Atated for the Earth at mean diatanco. 

The JuUitn Period ua«d to calculate the exact iiitorral betwceii dates at long lutervali apart, starts on 

Jan. 1, 4713 at noon. The Julian Dajf, or -/h/Iuu Daie fcontracted J.Br) is the number cf days that have elapsed 
iiinoe the beginning of the Julian Foriod; a Table la the KA. gives tbe Julian Day corresponding to Jan. 1 of each 
fourth year from 1 which the Table calls ' A.b. O'. In ordinary chronology, A„b. I is the year followLug 1 n.a, and 
nj thars ia no lero year, when n.c, and years are added, the resulting period Ls one year too groat; or, if Rubtraeted, 
one year loo Uttle. Calling 1 s.a, 'a.!?. 0 {astronomical)'; 2^.0., ' 1 Jt,n. (uEron.),' and so on, gets over the difitcmlty. 

Fcr aairoTioinioal pqrposss, derimaU of a day are employod with the Julian Day, instcadl of boun and miuutes, 
ai addition and Buhtrootlon are easier; thus Jam I, 1026, ^p.m., nstronomJeal time, is stated m J.D. 2,434.517-375, 
rnckoned from nooni But the ■TuLian Period: being still roekoaed from noon, not lutdnight, uote that all aitrociomlca] 
honru k'«!> tban 12 h. Dm. (or -5 day), still belong to the Julian Day tbo ttvil date. Thus Jan. 1.1936, 9 a m., 

ailnmoiuical time, is J.D. 3,424,SI'& 375, i.s.i Deo. 31 1925, 21 hr*,, of the Julian Period. (Dcrintals of a day, prrv> 

Q * BquioMia^ JhA.J)p—JoUoB Axtreiuaiiinl Day, 
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IIL THE GALAXY AWD THE STABS 

Thfi GEliLGtl'O Sy5t^m»—ThoUf^b a^^^niptia ddnjiMtuf^ aa tp tiuq ef iih« Uulvflni] }wl been pfevipuilj 

DQtliiLng knuivu frotn oL^vrvatiptii liU wlitiuSir W, HAhjchtL^anetuded^ from thediiitribntipfi pf Lhc itanf, 
Kitl thfl raJatiTO miifi^itndaa of f-hu brigbEiwt- anti laint^L fttare aeco in hlf lS|-mch telegeope, liiat the Qakaty in 
tba fprm cf a thin IpuB-Hhajiftcl disa, ilib at ons end lengthwajt where the Milky Way brand^M, It* loBctlt ite fftaUfi 
aa akiet SEE timea ita grsiaumL bt'eaJtiif anil he beliered lliut ibe Bun woe near its centrCi bnt lu tinthin^ wua knpwn 
o£ Lbn (lUtaneea of pvtn the bd£ht«gtand therefore preflunkahJj the nearest ptora {eicept that ihay were grenter than 
that purreHfJtipding 6 p 1'" annual purallaa)', he oomld only atate the dipurn-iipw in what he ooIJceJ iStiWtwefcri, the 
knownji dfatance of ^ritri or Ml BTcrasfl flnit ma^ittjde *tar * this rottW be outivertcd iatP aetuid dlmensiPUA when the 
parallax became known. Exprwuved in roCHluni pnitei E'cnKheraditiicnalatia are £9&0 light-year* aorosni lOftS through. 

Whpn^ JitiWffver^ the distonoes of the Magatlania Oloada (p, H and extnr-galaetie Nebulie becsams known, oor 
Unirersfl was found to haTt deCnita liinita, and te h& nierely an 'klaod univerws'—one out of milliani of Hiniilitr ayntema 
aepflrated by distances of mil] ions pf light-years. Our Galactic Syetem—oonulning some SCHOOitl&O inillton ttiirs, and 
perhaps larger than the othoni—aceinfi to bs in the form of a lens-ebeped di*c Home lOO+OdO liglnv-yeare in its greaTest 
length, and some fiOtlCM0^000 Ln its greatest thiokness, with a spheroidiol centrepurJmpH I£,{100 light-years in diametcir.* 
The iUrs are greatly tspudonsed towards the galactic plana. 

The GalaJiy is la roEation round Cfafoctw? Centre, spnifl 30,000' liubt-ynarji fmm the Sun, in the dense atar-olonda 
lit the Wtifin of the mdiP epnri^ Sagi+Urlua A atmnr paliwtie lat. Tong, 328- (old eyNt.i tu, ^lap 131—there 

is nu peidjappp for a oentnal Sun^ cure thought probable—and the rotatipn periods of its mcmliere decease with 
distance from the centre,, thooe near the Bun being about 1}35 million yearn, at a spend of xoma 375 km/sen. 
(171 ui/mm.). Th« iivinix^ud 7'iirj« of the OoUxy is tbu rotatioonl Telodty round the Galaccic cniitro eorreffponding t* 
a given dtnT.Aitce from that centre (but may Iw mied of any term aiiiung fpom galactic rptaLjou): being pruportTUnal to 
the disUneo, It can be found hy meiniuriTig thy inteiuily of ii]t(!riU.'lEiu- line*, i vnl.S, 1933), 

Novw,, WplMUyut stars, Cephuid rariablus, PJanetury nubulia, th« UnacDus nebulEe, itan of Typ» Band K. and 
eclipiring binBTicB, show an unuoually strong preference for the Milky \Vay and it* neighbourhood, while tlm Globular 
alnitprn and Extre-galaotio nebula soeui to avoid it—now believed to be largely the reauU of the opaciue uiatter 
being distributed more thickly m the Galactic Pkne, similar to wbat is leen in spiral nrhulm viewed edgewAyti. 

It ia prol.rfs.bre tliat our Syatoin of star*, globuJar and open clusters, gjiasous nebulas, and dnvi clouds^ is a #rpif*l 
nebula, aometLitug like the Great AndromerJn Hebula, with local condensatiQua iis its arms, in ouc of which ihe Bun 
is situated s little above the pinne of the Galaxy—the Galaxy bning a ‘fmall cGelc' of £3' (Btruve). 

<SpAet is space ouUtiJa the Liimta of ihe Qoloxy ; Ana^iUimtic that within its limiU, 


IntarsteHiir Hatter.—The sipaoe intervening bfnween the menaher* of uur System 1* not empty, aa wai onco 
thought, but is oMupEed by maLier of eKceediinR ten uiiy—which has ii«n computed as being of tlm order of 3 duiicoi 
per lOUQcubie milea—roiatiug on the whole with Gie gienprul i?yat 4 uii, and revealing ita prEUM3iiof!i by * hi tereteliar lines' 

(p.93), and_neortlio Galaotic plane, wfaore it is densar, tliougb dBewhorD mostLy evutiiy diatributod—by iight-almorp^ 

tion, which redduu* the stars (p.There are oIho vast opaij^ue eloutls, phubably tututiLu dust partjclcc, to which the 
irregular breadth and ontUne, nod the rifts and gap^ i>E the Milky Way, abo the dark patches clot where, are partly due. 


The GalaCltlO pomslug througti the 'Central line or equator c£ the Galaxy (GoJactU lat 0*)^ 

fundanieEhtal importanou in stellar studvi owing to the peculiar diAtnbution of various claAses of objects with respect 
to it (ae# alwreX Thin plauo in completely downed by the poF^itlon of its N. pole, but authorities vary (see below). The 
LA.TI. (I&3i2) recommand os the Standard Syntutn forai-atpstioat purpoMio, W,A. 1^0*, flee. + 1300 (Ohl won, priictj* 

oally Ar^lanilcr^a), For S'^hai^ ArBOi, Harvard, uses GouM^b valu** lor Galadtic CliartH 17-18, the Standanrt hi used. 
The (jB-tactle Equator—Authontlca dilTer soisiowhat aa to its course, os is not untiaLura] owing to the vltt 
irregular outline of the 3inky Way i reference to the rough ontllae in the atar maps will shew that in eevenJ places 
the Galaetic equator oomes nctar the edge of the visible Milky Way, the obeerved central liiio of which averugee 
about rB. of the iwtual equator. Nowqomh'e posltiQn for its N, pole (see below) includes tlie *hnnicb.'^ 

The North Gninnttc Pole is about I'W, of 30 Cotmu Bcr. (Map 9), whore the extra galactic Nt;bul^ destrr thickly f 
the Table give* variouN ontjuiutca (dales not epocha): tbu S- {?ti/acric/'o/s Is near nebula H, VI 20 Bculptoris (30*| Map I), 


AslOirt^. n.4. w ll. ik4. Ort. S. 

Hsmcliel^ ... IflTj' (lA SB) 31" 3lf 
Argaloricinr, IW (IS 40) Sfl' 5' 

Kotth {187S) m' (li 40) ao* O' 

Gould {Er.j„ isih) 1801' (IS 41) 37' ar 


K-A. b. m. tm. S- 

Kowoomb {laOJjiUl* {IS 44) 29* 4^ 
HcrtzaprengilGHS) llM)f(l£ 43 ) ST IJT 
Walkay ... (iaT 4 )] 01 j*GS 47 ) Sr T 
Clrofl' .., ( 1830 ) 10 «J*(IS 40 ) Sr 4 fi" 


xicSfB-itr' 

T.A.C. 

I.AU, tmm) 


- L » Ok K 

1[H)" (13 40) "8* 
T»2f (IB 40) £r.4 


QnlAOtle Longltafle —In the swtFmjt nsed up to 1B4&, pilscttc loufiittidB wns tuenBiiTifd freni the point on the cftlsctle 
Hqiintfir where it I* inter^W by the wlefltisJ equutcir. at at> R,A. fl hoiLm Rreiitflr than tW of tba paloctJr pole, Tn thfi new 
snUeTn thfe is no longer the noae t the oeiol-d.rc'le of rero lornntinin in chovn tn pona through the pmiiiiDrd jialucrtlc centre iu 
the direction of the radi'C scar™ S<^ttairTds A For the ijreciw dHflnjtinni of the new coordinate syatam and the 1ua» of jt* 
chotoc, *ee p. Bio, 


■ BistXtit, Bidley Lecture,, I*SA 
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The Wllky Wa^ Ol* GBrl&Xyr composed oi miUiotii of miniite stiiri, obaerv^tion^lj forms it great ring eTleudiBg 
right round the ftAr sphereF ino^in^ about CL* to tbo Ealiptio planti^ ubd xtLt l^ngihwiijp at One part. It ii brightevt 
sn Cvjfnus and Aqyila (N. Eemispbcra), in Soorptua and Sugitiarlua {S. Hnmispbere), and fmiuteet in Monwerua 

Botveeu C^gxioJ! and Boorpiua the Oolaxy formi tvn narrow poraUni hnndA for lonif 11^?*, thon it is vety innob 
broken up and oomplox for a ooiiBiderable distiiiice, bnt hrig^liter, eapeciall^ in Sngittariut, wbem tb« individual stan. 
iiS the «tivr nlanda Bjn so densdj' parked aa to be indiatingniNhable {not veil seen in Eufopenn latttudeJt^ as they south 
low in inicl-Eiiiiifiicjr). In Argo, near Canopne (CO^tS.), tho Milky Way Is (Tisnally) completniy divided anraafl for a short 
dlstancet hut near Oanis Major it again become# a sixiglB, though feinter band^ which narrowi to about fi' fn Taumi, 
and hruadnti# out once mora In Fnrseas and Cassiopeia; it# very varlablfi widiLh avcrtigDB l|i*^ but in plann itii 20’ or 30*^ 
The Cc<d Saekf a mmarkablo gap (atarlesi to the naked cy«) in the Milky Way, near tbs foot of Ctdx, appear# 
Like a dark abyeia in the surrounding brightnesat—largely due to contrast, aa, in a photograpli, the area is much brighter 
than in tbn uon-gaiactic regions in the rioinity. This gap, similar bat smeJlor gape in Cygnui and abewhcie^ sJso 
tJbe Great Rift Id Argo, am boHovod to bn due to dark nebuife {p^ i3)|i Intervening betweeu as and the Galaxy beyond. 

StslisT Fhutngrapht taksn on ordinary platiBt differ in general from what 1# HOcn rLsusUy, owing to what may ronvaniently 
be tarmed ooloor indos odact—stsn tilinw than AD britu^ |ihotognpbicaILy brigbtar, thon# reddsr Fainter, than they are 
rimjdly (js. 16), Such photoe show faint B stare bright, and bright M *talw fiunl, nuiking familiar TMUal grouf)# untUoDgnisabla 
I'l.iotographi of tlifl Milky Way (swiionnl) am given in voLa. 7®, tSD; otbon am in i>w MiicA*tfixut LQo«), Hamburg ^SSl^ 
and in J^aiitiiacA der A ttr^phmki toL fi (4)v _ 

DoublD Stars um stars wHiolt ^ ib# nak#d «y* appear as a single point of light, but when viewed through a 
telescopo are found to be oompuseci of twu start—-not necesearily physicalEy oonneoted, as tiwy may simply happen to 
ho. tn the same line of tight. THpit ^fars have three, q•uatir^pit «far« four, and mufitpif# s/nrs many oompononts. 
Whom one of the stars is of a muoh smaller magnitudo than the Other, it is often styled a COOISJ (piuT&l comitetj or 
companion. Ths most intereating 'doubles/ iko., are indicatsil in the Nete# apf ended to each star chart 

Blna,!^ SUIP9 *re double stars which are ^physically eonnseted,' revolving round a commoD centre of gravity, 
and not merely ohancing to he tn the same line of sight Mnari^ ore thc«e found tu be binary by the 

temporary doubling end dieplacemeut of the lines in their ^ectra^ although too oloie together to be ' resulved,' i.«,, swn 
separate in the wlsscujpe. Visible binary surs have periods varying from two years tu msmy centurieii If the plans 
of their orbit is in the line of sight frono the Earth, tlmy may be seen to approaoh closer and closer together, oad 
at last appssr to tha eye aa a single point for a considerable j)4riO(i, afterwards o^Hning out again. 

In a binary system, the motloD of ths companion is dirtei when the position angle is increasing in degrees, and 
rrfrv7jrr«Kitr when deersasingr The amaUer star is lomrUmea said to ba iq psriariron with the principal star, wbtm 
actually (as idistinot from apparently) nearest to it): and in i^oofilron when furthest from it, 

Sia^ Clusters are tinall groups of stars, orowded mure or Iesw rieeftly bogether, which in the teleaoope me 
gloruns sight# (see Notes, Star Charia), ^tar Cfoudk dilfiiT in being portions of ths Milky Way itself in whiob the 
Stan are so cLosely pocked u to appear a# a oantinuoua irregular bright cloud : they are most oonspicuous in SagiLt^ 
Orine, in which the centre of the Galactic Eystem seems to he situated, ^tar clusLora, proper, are of tvo kinds .- 

GiatiuJar ClfiaftTM are globe-ebaped, donsely.paijkeid maaias of star#, thinning out rapidly at the edges of the eentral 
condeoeation, then slowly when the distance# between iudivldual stan hot L>eDOma considerable; M 13 in Hercmln 
(N.G.C. 630rii) is a. typEoat specimen. Over 100 or# known,* law nearer the Galactic Plane than about I O', and all Us 
in the region between I4S' and 4l' Oaloetio Eongitudr, which indicatss oonsiderabls eccentricity with respect to the Sun. 
They also occupy a place opposite tq the majority of ths E^piral nebulie, being mostly iu Ophiuchue and BagItLsrius. 

£J^n Cfurt^Tj have no central coudunsation, are more or less irregular in form, are offon aseodLated with 
nebulwltyi and are most numerciiis opposite ifae region iu which ths Globalar fllnitcrn predominate. The Prtesepe iu 
Cancer exemplifies one type, somewhat reBsmbliug mu open Otubnlar cluster; the Pleiades, In Taurus, rmpresente 
another type, an irregnkr, y#t well marked group, the emuponente of whicb have a oommon motion. 

Jfoeiny Cftia£#rs or Star Groupt ore not clusters in the ordinary sease, but gtonpa of itan which have evidently 
irome intimate rtlatiqnsbip, as tiiey are moving with similar Tplorities towards the same pemt od the atar sphere 
praetor termsd this phenomenon ‘starJrifL* The individual stars may be in widely di^srent parts of the star sphere. 
The beat known are the Tanras, Perseus, and IFrsa Major gronpe : the latter includes /S, y, Majoftand 

the apparsutly unconnected stars 3 f^nls, Elirios, J0 ErirTani, ^ Aurigs, and a Corenis Borealis. 

The Lineal Cluster, inferred lu exist from Che study of parallaxes, magnitudos, j(o,, Is believed to be abnn-sbaped 
apgTvgBtioii d£ star#, like a very opcri Globnlar duster, to which <iuj? Sun appears to belong, and in which he is situated 
a littl* to ths north of its central plane, and tome distange to one side ol its centre. Its oautral plan# is iudined 
lO'dR' to the plane of th# Galaxy, and it* itars axe relatively near ns, ooiupared with the Milky Way, and contpaTO* 
tively close togatber^ whLo ita diameter Is ef the urder of 1000 parsecs, or 5000 lightly ears. The majaritj of the 
brighter B stars seem to belong bo this duster, and acaer.liTig to 8iiap1ey it* apparent ceutrois in Carina, 

ia fr.A., 7gL ffl. nnd //blcJ. 77A 


TEA* STAJtA 


U 

V&rlablfi Stars are thms which wax and wana in brightnwa; thcrt ire many variptiraf which nJbrd a useful md 
int&ewaung atudj for amatear ohsarpera. The 4jaji3l!i£i*rfifl (-li, ttbuiI, photographic, Ae.) hi the range of magnitude 
hetwcuQ nuKitnam and minjBiufn. The more impor&ant typos are given below (Sea Hots* on Obtiertiiig, p. 42,, and 
on NomcDclatareT p> ix). 

When a variable atarU^for the tims-balng^ a morning star, risingihortly before sunrise^ itamaximuiD or mmimunni 
u called a ‘ morning ’ one. Similarlj* spring/ ^autuinn,' maxima^ Ac., refer to the time of year at which they cwaur. 

1. Nev*^ or Kaw sSars^ also 'ToHapomry StarSj' swidealy blaase out where no star of tint magnitude lias been known 
hefcini, but Boon Ekdonway tu i email fmrtion of their mulrnttni brigbtnejaf may be visual) telisawiiic, or phob^gnphio, 
and generally identiiliabla with some prevtuiMily-kaown fmy faint atsr, CHuinhibcriitlc apei.:tramt with maumimi 
intettiiitf far in the ultra-violet—a^tnotEmeh having broad, t^ght, ami dark baoda idde by side, whidi awn choiiB^ 
llillcwingt cm the wh ulo, but wiLh jndlvidual pacuHatittu^ tfaa aoquAUfn detailed on p&)^4^ and finally becoming 
identical with that cf a Wqlf-Hayet atar (p. lft)+ fSee last of Nnvm cn p rid, fttid note cu Komfloclatttre, ix). 

It U p^^^b^^bty eigniSoant that moat Sovbj yet dtsuovered (except those in hebuliia)^ ore oitlter in, or nearj the Milky 
Way, and that they greatly prepondcirmte in tiun direction, 14 Novm (modom) Iwring apEwami from O' to yo' CJiUactlB 
longitude ^ $ No™ frem to 180* i 4 Ndthi fiwm ISO" to trO* i and Ifl Novta httm 870' to 360'. Noth appaar in 
Spiral nebulAfp appanmtly of two types—Oidlnary Noits, iifahnoSute mag. about —fi, and i5ujtwiTto«*d fctrtUt —15. 

II. Loa^-Perlod Variahin. Perjoda, 70-700 days, moitly abinit S75 daya; red stare (tikuEa^ of W Types or N, aomotiraea 
S, K, or n. Range of variatinm usually aevoruj majpiittJdirij portoJe, and cajLiimum niagtHtmic attaiuadt ore uaoatly 
jneaulart rtsa of niagnEtmie nsuolLy fuater tlian the d&fraaje. TypieaJ star, « Coti {Mira) : w» Nctee on Mop 0^ 

IIL Irregular VariaMex Stare of all types frem B to N, somBtlmw ssfrwiatod with iiobuLar mattoP} no regular piiHod: 
EuMt ™y only a magDituJe or two. Sffeny varietiB*, but five ebinf diviabiw :— 

4. Rad stare with slight voristiaqii, like CkiphaL Also some ^Enl-regular variable^, 

A MV Taufi Typo. Variatiao avnraging 2 magnitndia. Bright and jalot maxima nomawliat like tiiE Type. 

Typical stare, .RV Tanrl, R Scuti 

C, fJ^fJorninorasi Typo. Constant mitiimuia for matiy weeks or mootba, thee a sudden bla^np of several niaguitndea b 
oftecL altertaalB long and short maxima, with slownr fall to a cotistont mintmuai. 
d. R Curoim BaradU Type, Normal for montia (w yuarfl, then Jucrtiasua many magududsH, and sJtof an irregular lutErval 
retuma to notmaL Riiiea tasa quiokty than it fatla. See Notoa, Maps 11-IB. 
a yaem-ith Start ; quick rises tike the Novw. Most notable ator, ? Carinw, sec Notaa on Majh 0 and JD. 

IV. Cepheid Variables, with periods mostly leu than 50 days. 

Gtpft^idi, GiaatB with a rathiifr sudden rise of light, follownl by a more gredual fal] to minimum ; periods from 
a few hnuni to a mouth of twn, but mt»tly about 4J day*; miigit of varUtion usually issa than one magni Lude; epcetnim 
at luiaimum fuay bo ft whole Type lower ttmdi at maximum. Typical star, * Oophni; bob Notea. Maps a and 4. OsphRids 
are of great impcrtaocie fur sbellar diatances, os thoea of thu aamn period have the some ubwlute miigDitqde, 

Cimttr.typn Cepbeids are thore with Isu than S4’br. periods, bmug fuaud in great tiumbeuM m the globular cluatem 

Y- Eclipsiflg VariahiBB, sa coHed boeimaa the dscreaM! in brightiuBa ia due to Bcbpse, at regulftr intoani'alB, by a oanipsjiioo 
which may hs faiutcr or dark. 

Aiffol Type. A sit^le well-uuirked miniTnntri r somotlui^ i alight acotiodaiy uub. Typical 8101:, Atgut (Notoa Map 5), 
p l^ra Type. Two equal manims, with a small lutorvcoEug mliiimum between them, followed by a large mioimuni: also 
oalled «lfi(pHuZxf un oocuant of the sh 4 |je of their aitnponaiits. Typical itor, p Lynn; ks Notes on Mape 13 and 14. 

Yl. Secuiar Variahles—^tars which, In the ocureei cf centuries, bare impsrceptihly faded or incressed in biightoa®!, of 
which there is nome svidenoEL Thus the lln»k legend of the fading away of .iS^srcpis one ef the Phusdea, is probably 
based on on aatTnoomiool &i:L, p Libnia, sod C?ariw are other BUppoeed aiamiktes. 

TABLE. 

The rough diatributkm in [ssreautoga by muiu types 0 -f aiXllC KHJO VnriaUca obowTl In 
Niikftrkin and Paruosgo'a CatalDgue {!&*&) la os foUowai— 

Clustor Type Csphaida IS I Ssmi-rCgular Variahlos G Eehpring voriablfla ao 

Classiokl Cepbeiiis 5 Irregular Variablea IQ All other types 3 

Long-Penod Yariftblu 3tt I Nov» and saaodfttftd types K 

Nsbuls Oiiiw amsil, faint, mlsLy, patekes nf lights only a vniy f^^ware vuible t<a the naked eye, such os the Great 
Androu} Jft and 0rin>u Nebuha, ropremutativs of t wo dlilbrent typeit, They arc usually more or lesa regular in form— 
spirals, apindlwi, ovals, and spberohls^but some are irn^^^uLu- or Indeflnite iu uutllno; some are rasolviiblQ into 
patohfls of vtfry faint a tors; otliere are massua ot gas of oxtreme t-enulty, estimated u a thousand millionth of 
the dfiuiity of air. There art varioua types 3 — 

T. Gaiaode, Gaaostu, or Green Ndbuhu (bobugbig to eitr Rysteml. Classes fuj nnd (A^ of theas tumd to eEnator In the plane of 
ihu Milky Way^uullbe the oitra-galactso or ^Whito’ Nalndm, ohieSy found towatds its north pole. Thei'e ore several 
flab4iviaiona ; (a) nud (4^ havn bright-liun njwctw f but ebiiw not by thair own tight, hut by alwTpticfn and rc-cmisaiiiii 
■at wijllatinii from hlgh-touiporatura stma withLu tbem. 
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a. I/Tg^vtiof t^vtuKb the tViij; IrrTgulivr or iiidGficitir in iormr dipiiimgmMliGd 'b^ 

thflir gtnaiiLiili or IjJqiali colour [ anwll rvJiftl veltMTEtiw. Cbktt^ eoiuiKieetl of ^TiebuliuiD^ (JOftOOT,. 3727), ioniBcd 
oifgnn, Oui, Orr, vtth tij^dn^guii A^id luiij be c^atioctad with cAflief ■tog&d of Htdr fumLatioo, qiiiiiiillj but 

not ll&viug ^tara Btdulu|$ In tbciD, eviJuatly iutimabel^ cuiiucctod. Tbo Oriud NubnbL N,G«C. 

IST'd) 3 b of thin T^l^e; distADCe nuiy b« abont IQOO light jlioris Much fainter, and iihown hei&ti bf phatograt»%i arc 
thfl uebufoBJtteH mund, or joidinei »otn& *t*n( (m in the Plcj«3«)t ttlmi obvJonply cnunfloted with liws liajit 
A. riaruatit^ iVtshu^r Mom or Ioh oifduliu Id form, Bdi Boiled beoiiua in b bcdilII tattMoopo thaj? wmawliat rtuMiablja 
the Aiilit dijte of a ploiHit; onlf a few barg a brighter ogatrul miodHEiutiutn All hdve accctroJ ntor of Binoll luaBHand 
high tamporittun) (While Dwwf) within ilifim-^ooca^ionAlljr not dlatingai^mblii—to which ibe Tlolbititj of the 
BabitU it iu4, Temi to ooiidittiiM towArde the MiLlcf rekted tu Wd^Hayot «tara(pL which hdvo elmitiu' 
ipoutiw bat BUulJ.br nuunea and VelEfoitiE^; bIbd to Nov^ei whioh towanJa did eud of tlwir OEttbimt .drui booomei phiuotor^ 
itebolaT thwi jmwH into their final aliowing e|jectrjt ideutioal with thusd of Wolf-Eiijot itont Moan mlodl^ 

gi^‘3 Irm. (10'7 irnilo^} per wcond 3 monwa up to IDO limcB Lhd Siin^a. 
e. InviMibie Jfffbutit uriqtorstollbr tnattor—ucBecii Dither hjaye or oanicia^riun-laaiindtiH, klrlj ereidj-dlelributed] otooto- 
iroij tonnoiiv. domli of osjclam, hydrogen, oed iodiuiu, inferriHl to cubt oe the aiuipliiAt tnniuia 'Of ocijouating for 
Btatiotuuy tlaeB of these okmoutB iu the Apoctni of Novuiy aud of very dtHtoEit 0 and B binary stars. Hia star'light, 
trsvuraiog sn EnuroLdilB bdgth df thd intoi^itollar matter, aaffbr 9 another nbaorptioO, Ofid M the matter tobitos with 
the Golnxy, ita stworptba lioeB da not more to and fr» 04 thof» of the tomrlng oiiai|Kiner]t« dll (wee page £3j. 

iBdipBratiii'ea of ^hieo'it ncbjlffl tuil uf mLsP.iullar luithrr im |{ivKi[j lioing of tbeerdnr af 100. OdD" pibd tQ.OOl^'lL, f«pKt 
tiroly. Thu me*,ii» that thur ntooia ore nKjrrmg with tht Tekdty cemspubdbg to ihcae of a dcaic ru at tbue tciupnwtiiTea- 
IX, Doric NehuUs. dupfHMod toosijUK the dork gaps, and the ptiat irregularity of width aud autUna, m tho Milky Way, and 
dork patohfi& aiaawborti: rdveolod by photography and ator onuntfl- Greet iirc^iilar cloudB of aoudutuinune apAi|iU 3 
mAttarT muat probably dust, wbtidi, beLag nEarer to ina than the (kkiy, ehiit tiut the light from the cebNtiAl ahjacito 
bfeWfid them. Largely 'o thn neighhoiirhonj nf the Ontaiy; bohiq am probably oaly « idw hundred Ilght-ytmrB away. 
rieroDhal boJiarEii tbaao to bo empty knoa Lntwiceo tbo- Btora ; hia * UnEe in the EI>isavima'^ aiiiiiOgt ocotololy Ko-in 
Bortuml'* Cktakigne (pi id). 

III. £Etra-|tBlacbc or' White ’ Nebulz.-^^ lelnurJ UaiTCd^iUi^’ aiEaikr to oiir uwn Gokiy. Ap[Mir about galootic kL 10' N. & 

rapid inturenito to 30", aiawor to 7d', Faint ouOtinUooa apcctn, pnorE or leto reeembUog that of a a tor; Inoy be DompnoDd of 
tnyriada of faJot atuni; by fi«- the raont numeroya type. Protstbly ovoiiiy distributed through a|Mic% thoae in tower gaketie 
]aCitaiiti!id.belEig vuilud by alHorbla;^ nutter. 

Or /j*.<wfjdar *Ve6wiEw. Irragokr untlmD; toe Magoiliuiin Ctouiii are of this type. 

A. SpirtU iVaAcdA, mo;;tty fouiid hy photog»phy. Outline re^kr^liilitloah spindle-AhnpeiJ, apiiml, sod barred—witb],A 
dcfiiiita nikieuiii. The Spiral Nebulne ore the must coerLtnun; oot found In the Milky Wky., but tend to olaatcr abont 
the Goketie Poleo, Especially tba ISortliem one ; thickest in the region DppoeitD that in which the Glohnlu' clusters 
oro most uuiutfnms. Diatancee of the nrder of miniebi of lijnhbyMJre; moatly receding from ns At high iicToeiti'es — 
3CN]k40,(MKl ktn. i"2O0'^£Ki,GiOO milu) per seooud—approximately proportioTml to their diatoiice, about £G0 km 
(ISO miles) pur magaparaec. BoOm seen aa 'wpitidlea'' or ellipaw, aps oininnsly apifak vifiWftI cdgiwni., Spicnl itolralB 
fTHqucQtly (setnir in gtoupo, the more noteworthy twng thow in Urna Mt^or, Tirgn, Canna Venatici, and Lna 
TheGruit Andromeda Nebula (M31. N.G.C.iS-L, visible to the oukud eye), k of this type; the diatoiiuD ia betwam 
1,S00,000 and 3,000,000 light-ycam Aplsaronlly^appruochingt^JM the rvsolt ftf the Galactic rototion, but actually 
receding. 

Thfl Iltag^ollaJllc Clouds or Afajor (the Gntater Little Cloud), and jVwWuJn ifisor (the Lwaer Little 

Cloud) are now reoegaiiiod as extrfr^galactio objects—-island universes^ the naArost ncighhonrs to onr Sjatem, and 
typicaJ "f rreipilAr' Nebuiffi { 0 £tra-gAlautia)i They are iavisiblo fmm the latitude of Europe and tlia Uiiitcd Statei, 
tboir ciiy^pcMtiTe DecIcnatiDtis being 70" and TD°S.; tiioir R,A.b 5h. SCm. and Db.bOln.. 

To the niltdl eye they appoBj^like detached portiona ot the Milky Way, {rpm which they arenome 30' to 40*distant; 
in tba taiaseepe they are seun a? a uiarvelloa.s eombloatian-of stara^ ntuatera, and nebnliD. Their diatauees are of the 
order of 500,000 light-yearo. 

RaiitD^AstroaO:!!/,—Thia aubjoct ia at preaent almuat eumpl«tely dlvoroBd from thos# mentioned ela&wboro in 
tblB atlaa. The ubjeutB which it ejcsmines can seldom be identilied with thoffe which can be seen or pholagrApbod, 
and the methuds it uboh, due largely to radio engineers rather than to astronomerB, have little in common with thoap 
of other lines of aatrononiicai roisiirsh. Its **■ toleacopea ' may rwnem bio rejecting Eeleaeopes or optical mterleromctcri, 
but of much larger dimensions. 

Not memlj can the subject be puranen! irreapcctiwe of tenreatiial clonds, but, even more important, also of the 
ohacuring matter of Onr Galaxy bj which Ete more remote partv arc mode inacoeumble to optical telctoopes. An 
immediate manlt is that the aanpoeteH spiral struertnre of onr Galaxy has bean verified. 

The nnlj star from which appreciable radio em^on hnn been detert«d ia our sun. What have been called 
"radio etarv" are sauroes wliose dimeoaiona are prol^bly large In compartsoQ with a supor-giant star. Among 
those few wliieh eorrespKtuJ to trlescopio objects nrG eolllding eAtrfL'|;alactio cebulAu and corLain galactic nebulae 
■uch AA the Crab nebula, which occupies the posEtion of the super nova of 1054.^ Onp of the invUiblc sonrees coincidea 
with the poiition of the super nova of IS 7^.1 

The period of rotation of the planet Yenns given on pp, 32 and 33 wns fouad by radio obwrvations. 
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Par *! lay is tha mgular diSarecicfli dLiwctton of an uttjrat Tirhi^n Tiairigd front tiro da^ercnt AtandpoLntB, etxpruHd 
bj the tmuiber of neiioiidj or tninutea of mrc aubtended bj Ui^ Um Join itig the t^O atnndpoIntUp ew nmjrcm tha objati. 
The paraliu of a star ie reckoned on a diifereut boaia fram ihat of the fJati or of ■ plAoet. 

Id uaed for memben of the Solar SyatdM ooljp tibe two atatidpoiiita am the Earth^s cirntto and 

the observer, Heparated by the radtue of the Earth^a diariial or daily circuit ; it ie £r«Lteiti when the object is on the 
obeervor'* horison—the //oH^is»<af Fiwfttdatr .—and decreasei to tero at the eenith, when object^ obaurveri and Eartb^e 
ooQtre are in the sarpB line; an ordinaHljr aUted it ii the Stptaioriid horiiout&l parallax, for the Equator, where the 
Earth's radiun h grcateetr Whon the objeot ie not on the horiion it hat Farailas; <m AltUuds, which dooreatee to 0" 
at the mnithu The Moon has the gineaioet diurnal poraltax, max, I* 33', mean 

Aniiiud Parallax —used for stars and nebulse only, their diuma! pamLlnx hafng oTiinoaMorabJy email_ia the 

angle subtended by tha mean radius of the Earth’a orbit—the ymtrf-y ainroit, aa eoen from the atar. Except for the vt^rj 
nearoat atari, the very mlnuta aejglea iDvolved make tbe results aomewbat uuccrtaiD ; photographs tahen etx montbe 
apart lukv-s replaced, with far greater eoaveaienoe, direct angular measuiementi, angles with a probable error aa aman 
as (1/3SD,COO degree) being measurable. The greatest parallax known (0‘'-7Q&)iB that of Prnxitvia CsniavHt 

tihough vary faint the nearest stv: tl is physicallj oonneoted with s Centauri, 2* awaj, which hiu fi&ralUx 

A N^egaiim (animal), statediu hgnr^ prefixed bjinififM, indioates an unsupceisful attempt at measure- 

menl, the distance of the star being mado greater chan that of the (assoiDPrl) much more distant outuparben starst 
thft errors of observation may have oxosedod the amouiit of the parallax, or the conipariaon stars, been mo™ diaplsced^ 
StellAT PaTaMax.—W hen statiug a parallax it is usual to givu tha basis of meaanremenb, so that the ' weight,' 
nr degree of retiahUitj, may be aatimatied, some of the many methods now availablo giving batter results than othera 
Trigocvoflietricsl Parallax, the foundation for the others, is that tucasured by angular obacrmtiimi, direct or photO' 
graphic. When measured with reference to soiue other stars, aMumed to be much tTLoro ramota cti account of their 
lajntpBKS and amall proper motion, the pamllaa is oidled, the /74/q4«w FaralliiXf if the average parallax of thmie 
refer(jTii» stars can be estimated by aoixto meaiiif, the relative pu^llax id corrected is called the AbMiuts Parallax. 

Absutote Magfoitude Parnllaxes are oalculaced from the absolute magnitudes deduced fjrom vanotis phenomena; 
cojuparinon with known, tdrigonometrioal pamliaxas shows that aach method give* reaulia more or leu in fair agree- 
meDt^^Cep^nf pi^rallax, dsrived from varintlon-periods of 'Capheid' valuables (p. 12), in probably very ancurate on 
the whole, subject to some nncerltainty as to csrcKpoint; it is speciaJly valuable for extremely reiuo'Ce objects 

Spcctmais^HS Parallax is found from the intensity of eertain linu in Eome types of xpoctm; Spw^iral parallax, from 
speotral Type and frianl or Bwiurf classificatjnn (p, 20), wberw there is na Duirked separation into (Giants and Bwar^ 
Bynomic or /f^poC^un^ parallax la a pralsable pamllai caicolatod from the period and angular dimennoos of the 
orbit of a binary star, the mass of tha system having to be gusaseci Aa, however, the averse star mau appears to 
be about that of the Sun (p. SC), this unknown factor can be estimated on that basis with little likelihood of introducing 
mneh error, os, fortunately, a very eonaiderabla chuige in the mass value makes only a small change in the parallax. 

lnttr*t^ar-iin« parallax, baaed on a definite rehitiQn between the intenaitjea of these lines (see p |3) and the 
tQtatdoonI torm of the Ualaxy, ''should give more reliable parollaiet and abaolubc magmiudos than any other avsU* 
able,'' for the distant O and B starts Pvtb. D,A.O., vk, Sjj\&4^ ISES}, 

Mma FaraUaoit though not applicable to single stars, U valuable iu stacLstii^al work for groups or clnsssa of itaia; 
it is based On retatSoiiships of their proper motions to tb* velooity of the Sun’s own motion in jrpacc^ and the stars’ 
angular disEancs from the Solar Antapex (see p. 27), It bMomrs inoreasingly imporciuiie as thelap» of tuna cuablM 
proper motinns to he known more and more accurately. 

,S!*!rufmr Paralhmf olao for groups of stars only, is deduced from their 'parallaotic motions ' (p. Ifl)^ valued at 90' 
brum the Solar Apex S^viar Pono^vm of pm^lox reaulta froiu the radial motioia of a star towards or B.wey 

from the Sun, which will, sooner cr laier, aopsibly change ita onnuaJ paralloL 

Gi^mip or pamtlax is bojted an the masonnble assamption that in a fsir-sixed group of stars, those of 

the same Hflogpitude ara at the same nveraga dietanen, the visual magnitude being thus an index of their dUatanoe. It 
mquires, however, a starting point based on some other parallax, surh m Secular parallax. 

Moxf-lniAinoiity parallax, found from maafl-Lmuinosity (p, 20), is perbap not h reliabla for the hottest star*. 


Astranomical OnJt (4Al7.),~The unit for SoUr System measurements, and the baHe-IIne for steilar ptTxJlax, 
i* tho Earth's mean distanes frona the 92,897,400 miles, or I42,!i0'l,200 kilometres (last four or five figures not 
tignlficant), tbs distance cerrespondieg to the misan equatorial parallai S“-60. This parallax, adopted in 18SS oa the 
international basil far cpbemerides, is expected to be near anoogh to the true value to require no altetation later;* 
DUiatMsa, The angular diameter of a planet 'at unit distance,' used when oom paring the diameten qf planet^ 
La that whJdh the planet would have, aaiaen from the Sun's oeutm, if it wore placed at a dktaqcs of 1 astroncmlmi unit, 
A million astronomical Quits has been called a t5^iriM»Th;t(rr, atartu first ub^ by Sir W. Herttcbel in another aeunE>—.the 
distance (then unknown) of an average first magnitude star, aasuming brightnoH as an index to the nearest stars. 

* 3«9 p«r« snil fia fer Tsblsv id rmnLlsxM. 
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FllPSeil; Ll^ht-yflOr*— a. PurttK b dutimc« of a bHviEkg « piu^Um f>l r'; a Li^ht-YaOit, tbd diltuM 
th«.t ligbti, mTellLDg inLIp* (2:i)9tiS0Q km,) pajr ioeond^ tnvflnefi ia %■ year —« cK]qvi*iue]iL popular iLnlt. 

10 pftTBeci {a ^i^rAw^pa7’^^m|, m Mutrio noiat^ion) Im the disUnoo ftt wbiah abeolote iiuigtiitutle (Ph 17) bt computed;'* 
m XiioparwK u 1000 ptirnafia. A Aft^ftpit/ruef far remata nflbulB, u m. nilliatl paraaia, or miUbn Ught^jean. 

BlHU^Dum. i-^rknllu, 1 I .JUUiai »{ KUia i niiLrt* «t na*.Em 

fr Vriri^ ^bMk I i iIji. (h 4 i i3im 
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Radial Motion.—Tba Btiiiijbi tnotion of a atar ia itH fepp&ront motion, in the line of ujjbt, either to«rnrdi ui or 
Mjiraj from ui: it ii not the own real epaae motion (see below). The PaduU Vdacifyi* the rediel motion 

expreseed kt milei or kilainetmi per isoond, wbieh ii founil hjr the epeotroKope to within ^ mile per eoooiid under 
fsTourablie oLreuini.tnoo«a : + ie eied to Indicale recueian from ni, end - to indicate approach to ua. 

Proper Motion, or fanpen^iW in a itar'i apparent angular motion (if an_v) an the ptar iphere at right 

angles to the line of eighty >iaxpt*«ibud in eecondi of are per year or per centairy; it ia fonnd by oomparing the itar'a 
prcaaftt penition with that which it ecoupied at the time of the earlieet reliable obnervitiioD—pi-toewitou, nutation^ 
parallax, and abcrrationf being allowed for- Aa this angular motion ie continuouB, though in general vtrrj miautth It 
haa to be taken into acooont when preparing a star catalogue for a giTon epoch {asa not* p. vi aa to + and — Jl 
following arc aomo of the grontont pr-opor motiona known : ■ long list u given AeCfvph^. Journal^ voL 41^ 1014. 

Urn Major, OroombriJ^ lilSitt [mng. Fropor motiDa T'*'- aonnallj ... ... ... .,, 

Ptotar, G,Z. fih. 145 ft}, „ ^ n 

Oflhiuohna Mnniah ]£,Q40 (Barow-fd^i star, mag. ■5‘4) 10^, found 1BHS, the grentwt yit diOcovcred „* 

The ohterTMi proper motion is not a star'a real tanq^ntial motion in Epacr, lint an 'apparent' motion, being afFceted. 
by the Bun^e own motion through spuco towarda the Bolar Apex (page 27). Some atam have pmaiicallj no proper 
morion—a feault due in gimeral to their very great diotancft. The Tiwt^fmtial Velocity ia the Tangential uotion r.x- 
preased in kilomelms or mUea per seooiid; the star's diatance must ba koovrn, 

yncar Motion .—a star'i bnOiM' motion is the reauEtaiLt of fo j the radieJ molioD, and proper motbiL, eX' 

pKaaitJ in fineo^, not aagular^ tneasuro, end requirefl a knowledge of the parallax. The fiutear velocity is the linear 
motion expressed in kiLemetres or miloa per second ; to uhtAin that with referenoe to the biun, at right anglea to the 
Une of xigbE^ divide the annual proper motion by the pumNnx, and multiply hj 4‘74 for krilometrep, or 2'05 for laiJea, 
Space OF Peculiar iifotioii.^A star's spnoo or peculiar motiun (also knoini as Ahsolube,, or Ilual motion), with 
rafieretice to the suiroumling vteUar aystetn, ia tb* rwiultant of it* Redial motion, and its motion at right angke to 
the line of eighty oorrocted foi the Solar Byetem^ morion 27); tb* cvrrcjipaucling velocity k its Spcioe^ktciiy. 

The A-SflnJt, If the spaca-motitma o( the Staim w*™ at ranilLitr, tboro should be as many atara witb ■recosaEon.id 
( + ) Vflloaities, av there are with appraaeliing (- ) veloritiua Statistics, hewaver, show a surplus of redr^^ionoJ (+) 
velucitieo ; thia excess over the > velocities is the R-term, Impruved data have reduced the original auiount. 

Gross Motion.—Thin term denotes a star's augnlor motion at right angicni to the gnat circle joining the ^Isu- 
with the Solar Apax or Antapex; the Grow is the Cms motion oxprcsMd in rnllfii or kilomctrea per second. 

FariSdlactfc Motion, uls^ known U 'Secular parnllnx,^ ia the appareat diaplacasent of a star caujcd hj the Sun'a 
motion — which duplacetueut Is known wJth cvur-iELcreoaing accuroey aa th* year* go on. Tfao average distancH of any 
cJias of atarx can bo found fmoi their Famllimtifl motions, hut the method ia not applicable to individual stars. 

St^J* Drift: Star streamings,—Soiuprimrti the mombere of large groupt of atari are found to have propisr 
motionaaimilaf to directiuu and amount; Proctor CAlled thia Driji. ' Drift' muy also denote the moriun of a 
group of stara roUtivaly to the San. Slav is Star Drift on a large Hcala. In 1904, E-aptoyn found that the 

itora, in genera!, are moving in two favourerj directions, which, when norrectod for the San'a morion, arc diomatHcally 
opposite on the tUir sphere, and both exaetlj in the plane of the Milky Way, 60^ of the stars belong to Btrcam I, 
and are moving cowards R-A,, 6 hr*. 30 min.. Deo, 13' N.; the other 40%—Stream II, wbioli has about hulf the vnloo- 
Ity of the first—move towards R.A., 18 hrs., Dee, IT B. Thosm pointa am known as the Vertieet St/ir ^traianinff^ 
The centre of maBS (cr rather, of msan position) of che stan in a streaming star group U colled the Cenfrcodl 

A thin! BtTcam, known oa 'Btrnam O.' practical|y fftattonary, oonsixU of the majority of the JB-rype stars, which 
seem to belong to the ' Local Cluator* (p. 11), 

Gould's Belt of Bright Stars, the aearur or hrightar atara of the Cluster (which include* the Bun), ia a 
greaUmrole belt of bright stars which is inclined some 20' to the Qalactic Flano; its equator ia (roughly) *. line drawn 
from y CaoBiqpeirt Wtwirtai t and ^ OrLonU, iS Vci onim and c Caruiie, a and fi Centouri, a and c Boorpiip back to th* 
atarh poHsliig aum* 0' E. oE a Ophiuehl and Vcffa, and elnie to 5 Oygui, 


Tti# dJatooe* of t«t nmrlj. 


1U ATERM^. 

Star brifhtnt itferi *w inid to be 1st me^itnde ; thqae twi bright^ 2iid megmiude; tlioftB 

itill less bright^ 3rti mignitt^ile, wid •* no* HUch. uMignitflile il 3'blS (nbotit 2|) timH « bright u tbe eue below iti 
a stAiidAnd 1st magalitiide star (s,^, Alctaharan^ beingf 100 times m bright si a sUndurd fttb magTiiitudB star, 

wbkh u sbout .the fsinteat ’lurid ' la,* visible to the naked eye. Aa^ LowsTef, saversl let msgnitocto stars are 
luuuh brighter tbaa jiJdbiiwwn, the range of EKUtgnitudiw alnu rans in the titb*r du^ecLlDn, a itnr df nungaitude ‘O' bding 
about 2^ timei aj bright u dud of uagnitude and a sEar of magEiitude fnmur L, about tinieA brighter Lban one of 
tnagDEtude Oj and so cut. After magnEtude d, the magoitadfla run oUt Ttb, tSthp ^c., for tha talesoopici stars, tbe 11 tb 
raaguitndB being ibont tba fatutest vieJble Ln s tbrea-iadb telflicopH, and the IBtb* in. the most powerfii! tuleacopBi yat 
eonitnicted; atari savenJ magnitude* fainter are obtained by pbotegrapby, [Sae Table of relative brightneait, p. *)- 
tnterrnediate magikit.udei are denoted in teatha oruveEi hundredths,, thua magnitude 3'OOii sligbily brighter iban 
but lesa bright than 2‘99p the magnitude incnsaKlng aa the brighlnesa deoreacieB, On the Tnifius aide of 0^0, how¬ 
ever, tbia is revB 7 sed.p the msgnitnde figure iocrtiJiltig with the briglitnem Thus magnitude — O'l ii brighter tbnn, 
0-0; - I 0 is brighter than - O il; and - 1 0 is brighter than - 1% and so on. Where there ii no sign, magnitudes are 
alwaya understood to be +. but 4- is ttsuslly given in tlte ease of '^abaolilte niagnitudea' (see p, In the general 
sense, ‘ let tnng.' nmally means alt itar* brighter than mag. 1 'E; ’ 2nd mag.' thoM between 1 'S and 2'&. The magnitudoa 
in modem eatalogui* are ofwu^ stdcuiaUd far iht zdnifA: ai lower altitudes atmuepherie ahaorption diminishes tbe 
brightniMa, and has to be allowed for when oomparing etart at different alcitodea: aee Table, page 4?, 

NiUDQrfE^iLl Ratloa of WagTiUude.—On the 3-1513 times baa is of nehoniog aaeb maguttude, every fijabreflaeB 
ol A nn^tiitudea means a multipboation or division by 100 of the starting magnitude, thus Ist magnitude is 1.00 times 
brighter than the 6tb; 10^000 dmes brighter tlian the Lltb, and a milbun timee brighter than the 16th, while mag- 
uitude O-Q ia 100 times brighter than magnitude 6. This "Btellar magnitude'* method of cemparison is now used for 
other oomparisnns than its original one ol visual brigbtness^sa for stellar heat ndiatinn, and oven for tempemtu™. 

II the Stars wer* uniformly scattered through ipaos, there would bo 3 9fl times aa luany stars ol a given magnitude 
u in the one Just above it j departurw from this number (called the star mfio) iadioatu crowding, nr, tbinning out, 
The I fill stalls ^be atandard, was lotrodnoed bj PogBcn in l&fiO, S ail bring tli« Sib root trf 100, or tbs logamkm 0*4, 
Boae^ P.a.E^t 1010, wnpiDja an oldM syMtem wiib a Ugbt-rabm »-S»l (log.-0361 appreitmately that of Argelandor's 
Vtvtwm^ria iViPiW, 1*43. Buiis and Pog^uU magUltudes iiro the aninfl abeut mag. ; Irtldw* 3'& Boaa ia fidnter, mag. 6^0 P«^n 
boLog about O SI Boea Above* mag, a-fl^ Boas is brighter, V*ga being CHI, 5'un^wi - t’O, fl«s i againat 0‘14 and - l &S Pogtmn. 
International Ma^ltudo Scale^^Though based on the aame lightTmtla, the niAguitndes lound at Harvard, 
bSuunt Wihwu, l^oledam, Jbo,, abawainalJ syiteiEatie disoirepaiicEes, due to iJiia inatrumeuts, atmosphere, (Sw. Thus for 
accufate oompariMM, each mnat be ^reduoed' to the ■**!■ with whieb it U to be cemparsd, by means of Tables prepared 
by laborious nnaiyHU <#» Harvard Annals, Voi U, and Astropbyaical Journal, Vol, 61)- The Harvard (photometrio), 
and Bit. Wilson (phutoviiual |i Scale* arr must gcnsrally nsnd. and tbs former was adopted (193S) *e tho basis cf /ntffr- 
TtaevonoJ' a photegrapbio Taking tho stars of Typo AO bet ween B-h and 6-fi, in ihe Harvard 

JVorih P^ar iSflfuniM{a]ijtof oamfulJy-nieaaiured stars near the N. Pole arranged in order cf photographie magnitude), 
the mean International magnitude of these stars is defined as being the same as the mean magnitude of th«BW star* 
DU the Harvard visual (photeinetrio) aualo—which, for Type AO, is ideuticol with iho Hiirvard photegruphio smio, 
Tialial or Apparent tfagTiItnde is the brightnusa m dirwtly eatimated by the eye; when the brightneii ii 
measurnd iustnimentally by tho photemeter, it i» called the fhpto-miriTic mo^itude. 

PhotoVLSUal Magnitudes *™ obtain^wl pbotegmpliioaUy, using a oolonr screen and isoebmmstie plates adjusted 
appro*]mately to the lighc-sensitivenesi of tb* oyu i they tend to be rather brighter than ibe vLiusl or photemetriu 
magnitudes, and are beouming of great Importance a* they give more piform reiulis. They minimise boib tha 
tnstramentel and the brightness ‘eolour eijantiun' fiilEcdlties {sw p. 17); and the phologmphiis plate and ooloor 
•ureen used seem to make no great difference in the resulta (Hed and pbotOHsliKtrie mngnitud^^s. sbi- p 1? j. 

PhtItOSfraphie KftgThUudes are those obtained by measuring the diameter* of the Images en a stellar photo- 
graph. For one haSf of the star* tlio resulte are accordant with t.ho vlaca! magnitudes, hut in the other half, owing to 
the bluer iters being more actinic, and the redder stare lees actinic, the blue star* pbotograpli brightBr than they ar« 
viiually, and the red aliani fainter, by an amount dflptmdmi; on the *pectra[ Type of tho «tar (p, IS), 

Colour IndflX (contracted, o/l) 1* the diRbrenefl, in itellar magnitude*, between the phoiograpliic magnitude 
and the photenietrie (or photevisual) one, the photoviaual indw tending lo be the greater; on the narvard colour 
indea acaio, Typo AO bat o/i 0 00, its visual anil pbotographio magniiucica being the awne. Culnur indire* giraLer than 
30 are probably vary rare; fi Cepbd, Typo ho* the very great euloor index +B'E. Colour Index Taltle on p. vili 
Fttotograpric Mtgnitnda ulitnt* the cd—phetemetric magnituda PbotOEMtrie MLagnitnd* phis Ihe c/i-ptiotegraphic mig. 
Colour ludc* - pUoteKrmphk itiaft J Thus i Oriouis, Typ* DO, visuri mag* 1 ^7^, pJi- -0 31 w(ihotoK»plijo inas, l u, 
UMUBJ tho pliolumatric tuBjt [| Sricfyniri*, „ ,• OOi f, ^ i’fiO, 

Tba - indicate* that * Oriom» ia brigbt«“„ the + that i* fainter^ than AO—pbntegraphically. 

•Piefi mrenciictiD* with ui^piinida '■Wf*' miaiu brifbtar ttant ‘hslra/IsinS** ttaa 


A^STBOA^OAfWAL TmUfS. IT 

Absoluts Sf&^nitu.d'Sk—Vuutl mi^Tii’ijiqde U diitorioii of tntriiiii& liuiiunatit.^p m minj titFi ippear 

f*T briglitpr ttifui iuiuo srery ^e■*^ itArt. AWtlute toagnjtijdB' k tlig Wi^litnaai a «likr would bivo if all the stan were at 
Uw umo diebaniiw from m; it k fouod bj aiLeulAting what Lbo obcerved vianal magnitaclA of stu- woidd t» if each 
wore pUwd ttt a dliLaow of 10 pareMs—that otjaivalent t* a parallaa of (J" l, or about 33 ligh(^>61101—which of otmno 
nequirea a knowjorjge of thoaiar'B dtetaetjo. Oouveraelj, if tha Atiioiuto ma^nitTide omi bo found b^ tomo otbomeanet 
the atara diitaoue oan bo aaleuiatod. Abdoloto luajftiLtiido Li tboroforo of groat importanco la itellat riafearch, as It 
ooahJfla Junilnoiitiei to be conipu-od, aad gi ¥0i manj aameaaurab]* para]la*ei. In abaoluui magnitude, oi in TiiuaJ, tbo 
* greater' (tnjmeriuallyjl tha magnibqde the \es» kmtooua La the etar, if +; the more lumlaoua, if - ^ Tb* Intagralsd 
d,hio9ut« or rliual magnitude, of a nebula or atar otuiter, ii tJiat of tbo total light rocaived from the objeot. 

The Sun I absolute vuual cnagnitade U -i-4‘9, raagbly -hS'C. A l-paraeo Btaiidaird diatanoe wm in um tUl the intof’ 
JUbtioiwi adoptiuD of the LO-ptraeq ataudard (1922); it had tbs ad vantage of haying the Sun'i abitiluifl magnitude O’O. 

The aboalute uift^oitudw of Oianl atan varjonlj On# or two inagnitudee (from aboqt +1'0 to -* t'O) in their pro- 
greaiiQn from Ijfpoii M to R Thuso of the Tiwarfi fuU off a magniLnde or two u each auueeeiTa Tjpo belo'W k roaohed, 
until about +15|, in /'ynfteto CvntmH, a red itar perhaps nearing oxtincticn, and In BrocyonM, almoit the Uinta** 
abeolute mognitu Juh known, JO^fd and Caimftuj, on tho other band, ittain abaut - 6-0 ; $qpemoTw in SpirmU - IS. 

The moat luminoua itar known ia g Dontdli*, a variable *tar in tiie hwger Magellinio Cloud, aqmo U magnitndei, 
or MO^OOOJiftO.OOO timm brighter than the Sum photogr. aba iq*g. at brighteat, -8 9. The least luiuinoui it Wolf 
3S0, a ne^^by lUr of mag, 18 5 visoal, 16 5 absolute t its Inminoiity u onlj 1/60,000th that of the Sun, 

a qqd AbsoltJta Magtutddri^—Aba AlJig-iMiTkijal mAg. -t*6, piua S timea tbelaBarithm of tha porailaa. Af—m+4+9 leg w. 
RflfI WagTiitUde aJid Colour Index (Uarvairl photo^red, fl'.d., voi 83, p. fla J effective wavfr-length A63QO).— 
u thu s^stem^thfl ^llbctivD vava-length of which i* halfway between the C and 1> linea, and abont the wave-lungtli 
at thfl average Intenaty of the vuihit ■elar epedtrom^red dolonr index ii abont 30greater than o/i (InternaL 

photograph]g [7] mmu* phntaviiuaJ £nt^J mag.):; and ^ma^rid c/i — / - and 

f^hoto-olectrio llagrctitutl^a am meunired by a phnEongltietrU cwil (dllFereot from the thormoHcodpln astid in 
the boLometer); it gives groat accuracy for diderenoea between start of the same ipeetral type. Thera Is ne phote. 
electris Enagmtnde scale, as eetlj vary in seniitivity to different CDlours s (the bolometer Inte^grata all the radiation). 

Badiometrlc or Bolom^lHo Hagnitudfl give* the Mat radiation emitted by a star—the light, beat, ucmie 
rays, etc.—^uving a thenno-oouple or boloEneter,. instead of the eye. The variable ■tars Atira and x C^goii ftt maxinmni, 
amit nearly twice as much radiation as at mlnlinaa],^ but their light increases some iOOO^SOOO tloiei, 

E^iermair^ Afo^tiude Is expressed ca the siLUie system os visual magnitude, and the difference batwenn the 
mdiDmeirio and viaaal ma^nitade ia called the Ssai /fuUar (oormaponding to the photogzaphu CoJonr Indiut), th® two 
being Hiumad t® coincide for Type AO. (See ifL Wilson Annual ftepoct, 103B). 

Boipftvtrii Atoffniiude, on the other hand, agrees with viaqal magnltnde for that Type of star whose ndiatiob 
ha* maximum luminous eScicncy, so that visual ininus boEcmctne magnitude is always positive { + ), or repo. The 
Type for which the vlsaat and bolometrie magnitude agree k very nearly that of tlie San (Type G0)v The Una’m 
ahiolute magnitude is about 4-6 vunai, 4 6 bclometric; rodiomettic, 4 9* (See Jf.if., voL 77, pp, 29 and 6&4), 

Combined ie the resultiuit magnitude of two or more sbarv, so clufie together as to appear to the 

eye (or be ireated) aaa sjng]* star. It is the magnitude comspotidlng to the sum of each iter’s individual brightniws^ 
referred to that of mag. O'flO token ai 1, and is found an followa (adding the two magnitudes would give a fainter onoj^ 
A sear'i magnitude multipfied by -0^4 givoa the of ito brigbtim reUtivo to msg, O-Oa 

Ihfr J□ga^ 1 tJIl^ of a •tar's hrightueM relative to msg. OiilO whan divided by ^■0"4 gives til* ms^itnda 
CalQUj* Iffag'nlludQ i* the magnitude of a star measured for each of the wav«-tnngtht (referred to BO a* 
liandarJ), and reduced to standard AO by theoietltial black body ratlLation (sc*e //.A.848')i 

D|}pcsltlon MLig'iittadQ U the mugnituds of a superior planet whim in oppuaibion (p. 6); the planet is then 
nsaresb the Earth and brightest, and (in theory) is only then «en with its disc fully illdmlnatodh Ordinarily the term 
denotas the opposition brightness at msandistanee, as a planet's distenee and brightness vary at different nppotitioaa. 
The following Tuble girea the approiimate ren^ of planetary vnrlAtion in magnitude (see yHO diagram page 41). 

Ikl- uug. Uou Hba. mM- ninw Ws. M"M ufs™- Kt™. riMrt Uw, MwS vpina. llkM. 

Mam -a s -i'86 -M ft Batiirq -b'4 WJi«+<l’8(l Olfr n Neptnna 768 7 B* 

Jopitar -i'fi -asa -ai || Umans 6 74 6t?7 |j Pinto 13 9 U 36^ 

Limiting' ])f&g7iitad8.—The Ximifin^ IfagnUufit of a iter cataJoguo—the index cf its oemplotenr-sa, as 
omissiona bosonin Inevitable at a oertain stegu—is that magnitude Dm the brighter ride of which stare mnitCtd from 
the oateloguo abont ei|qAl in number the itera on the fainter side in the ontetegue: 

Colour E^U&tion ^ MAgrnUudO EQUUtioH-—The Orst is a small aonnBc.ticin on the roagTiitnd« in differeni 
oatalognuB to eliminate (q) the colon reelect ivity of the inatrumonts, atmosphere, * 0 -, of the olMnrvatories rBuponsihle 
for them, which affects the result especially in photographs ; (6) the nocerteui hrightnestH^lonr error, due to the eye, 
known os the Eurkinjt (p, 42)* Tha Moffni^vie B^uatim is a similar small EOrregtim, to remedy the error catrsed 
by transiia of faint itare being ordimuily regiitored later than thone of bright aiaim iu th* same position. 

E * A|jipir;^imat*]y thsti of ir^ 


It CLASSlFICATlOSr BT 8 JPFCTRA. 

lumlnoatty : SarfaCfl BfS^htness,—The laminoiiitj * lUir diffoi** itom ita roigiiLtHdfl in being thfi 
unotinl of iigkt emitUKl bj the itiir, mmtetA et tbe Apparent ftiiiount, jad^ hf ila brightnciia to tbs oye. U depcix^ 
on the sLar'i duiiufltar and tenhp&raton. being ttfl vtA (actual, not anguiar) mnttipliiid by the aioount of light 
it emiU per sqaars oeotunotre, or otlifif niilt— i,§,, by it* Brightfu^M. The Sun'e aurfufifl brigbtaes* ii (a an ^ 

mag.O, and a itar'i relatiTO Borfiuire brightneu, -I- or ii cfxprowsd in nuigtiitiidea (Table, p.viii)^-.ayiDboUaed by 
Tha luminosity ralatiToly to other «ta» u gireii by the absolute magaitudaH or hrightncea at ItJ parsecs di«tan». 

The higher the bemppratctrs, the greater tbs anrfai;n brdltanoy j thus itars of the unte absfilutH magnUade may 
dlSer greatly iu nj» anil brightnasii, for a low-tempermlor* <Giant' (pJO) must haTS a larger diameter than 

a bigl>teinperatDTe B^tar, bo bs of the same ataolubs magnitAd^ Prom this relationship tha diameter of fitara ean 
ba oalonlatod, indepa&dentlj of their distance, f™m the risua] magnitudee, the aurfaco brighinua being obtained f roni 
the Type. The (Uamstan that had bean predicted on this b«sia were fonnd t* agree closely with the ohsarvod Tatnoi. 


St^ cl&SiUleatlon hy their spefttra-—Seoohi in ISeS^fiT fflund that when the light emitted by diffetstit start 
was anelykAd by the ipsctnoseape, their spectra fell into four well-mmrked group which gpidfld ioto one anotbcrn In 
1ST4, Vogel modiAed Beocbi'i aehema by adding two mbardmate claaae* to OlaaR I j another (Weli-Eayst *taps), to 
Gass 11 j and ineiudlng hii third and fourth types as snh-diviiions ol the same order. Swchi's Types are now Little 
nsed^ except hiitorioallyt but for Teiy uncertain cases the I.A.U, defines them as follows (05 was formerly Oe). 

Tip* 1. OiTa, predcHiimaiit hjdrtwBO linss. I Tm lll. U, ytamiuneiide banda | TsvmY. Oa-Odi bright Wulf-Rayet 
prominent met^clinoa I „ IV. N and carbon banda I linea. 

About 18^1 Pinkering introduced the ’^Harrard' clasaiAcabion, now onivertally adopted, lettering Sscohi soriginal 
groups, with ethers, as in the table opposite, the rarioiui seodoni l»mg fpoken of m Type 0, Typo B, Ac^ GradatSona 
or mtorm^Jiates are indicated by combinatioai of the letters with figures denoting tenth parts. Thus BS (a con- 
venleut abridgment for B 3 A) denotes a spiwtrnm nearly like that of Glasi Bv but estimated to bo two-tonthfl uf the 
way from B to the following Claw A; and 05 (-•05BJ raeans fiTo^tcEths of the way from 05 la the next Class, which 
ifi B, as Types W, O, im flmt in a&cjnence—tho original order was A, B, 0, Ac., hut from later inform stion it was 
albs^ and somo unnncesiiary letters dropped. Seodhi'i classee woie basod on ™aJ, dm Harvard on photugraphk, 
Bpeoti% but on the whole they are fairly aocordfrnt. Type R wm added 19(16; S, W, l&3fi (I..A tJ^recomjimiid^J* 

BO is the bighssfc of Class B (the *0' is a starting oyplmr, not a letter), and tha sequence la 06, 09, HO, HI, 

B3^ . , B9, AO, Alj A5, Ac.; the aoale is thus a diraosading oneu Sot^diwisiDni a, b, a, Ac., are used wlmre thuro 

Ls □nooTtainiy u to the details, but nnmbera are subitituted when the nossMsary infonnation ie obtained : • c^and ■ n ’ 
Stars, however, are not subdivisions, but itan haTUig *&* or 'a' oharaotferiitiae (p*lS), Variable sM are now classed 
at maximum (ISSS). For the anlwliTisiofls ineludsd in a 'Type' -when used in the avemge sense, or in statistiiisJ work, 
Muaeitpago. For de lalis of Types O to N, sm//.A, VoLiS; H.C. Ufi; aodiJfapsrCate^jMs. 16a4(ir.A.,Tiila,30-9&). 

M-titly and Aate start denote Types B-A, and E-M, reftpectively, aoraewhat inoonTenktit survivalt, m certaui 
rwpMta of Vogal's awumption that Typo 1 stars wore tbo youngest, and Types Ol a^ IV the oldest, before the 
Qiant and Dwwd diTUions (p.SO) were known. For the samemasan, tbs Jfatn is the downward prugressiun 

If in«,uing rednwi, 0, B, A, F. O, K. Al—Typ» B, H, hT.i.Bliii.g off it O; ud S. pMhtp.. rt KS or MO. TjpoW 
toAV be tha last stage of another lequonce from Nova through planetary nebula to join Type O at the other wd, 

" Russell Dlftffrnin This stow* vofy cITectiTriy the Qlsnt and Dwarf mlstionship ™d the Main ^ueu«, the star* bdnff 
plotted aooordlng to Type ftampersturi.), and abeduts magnitudle flurolnoaity^ By adding enrroa Tisprtasn.tjiig 
, -- the Disgritn hat been aitandcd to exhibit tbs taijrt^liiminoaity relatioiiship as wolL 

Star Colours._Colour is an index to physical condition and temperature (p. SI). A list of the mean colour 

of each Typo, and sulMiivmoQ, is givtn in Monthly Notices Royal Aatron. Society, VpL 84, p.53. Oa to Oc are giren 
as graeniih yehow ; BS, B3, white ; AQ, pure yellow; A5, yellow ; £2, orange yatlew ; MO, orange; B, eran^ redj 
No, deep orange ted : intermediate types merge into the next oolourH Cobur also affects twiakliog, u explained on 
page 3S. The components of many double ttara oxhibit; the ourious phenomonon—some times merely optics]—of 
being coToptementary in colour—orange and blue, araruoion sjid greeiii Aoj for examples, see Notes Star Chart*, 


Relative Rninhers of different Types (SbapW^-Of the aafr.MOstart, to about msg. iq. m the Draper Catalogue, imly 
Kimc 5U00 an of athor typ«i than B, A, F, Q, K, M. Nwly 00,ClOO an brighter than abcot msg, 6^ : SO.OO& esMiitialtj kfsntiosl 
with the San and H* p*r «ut are pncbablv wiLhin 3000 jjght'yeam of oa A and 1C are mtMit common in the Milky Wsj. 

0 H A F Q K M N " 


Type 

No. of Star* 
pgrw»t\iff* i to 


r>1 


(£0^3$} 

3,557 

101) 

s-s 


fBB-ASJ 

M.JSS 

30 -D 

2d7 


(A&m 

gi.iao 

id-i 

U'O 


fw, m} 

9'& 

10‘7 


73,£08 

301 


fffs-itfirj 

ia,sfl4 

8’1 

7-fl 


ASTUONoma^l TERMS. IT 

AbsoIuLd Ha^niLadiSu—VTinaJi magnituda U no oritonoti of intrimiifl luminDsitT’, u mnnj diitant itin Hppev 
W brijhtsr ibiui intu« '(ntj ntar Ahwliit* inii^iLLidfl- tbe briglitnisM « Jiar would hiv? If 41 the sburs were nt 

tfa# mme difltfrtioo from ai i it ii foutid aLciiliiting whiit lJis oheerrod viiuml nqiigniiude of etuh iUi- woold W if Moh 
were pkond at a dinaiao* of lO pfl.r«K»—that ei^piTalent io e pamlla^ of O ' l, or about 33 liKhtjean—which of eouna 
raqtLire* e kDowJodge of the itar^s dtaunu*. Ooo ver«ai^. if the ebiolute fuagnitude can bo found hy lome other mEoiia^ 
thtt iUr’i diatmnQe can he oaluuktftd, Ab^olace masoitode it therafare of great Lmpurtanae in iteLl&r ruearDfa, u it 
eoabiet laminoaitiei to be cotuparsd, and give* maey aqmoaMPTHible paralluoa In ebioluUi magnitude, u ia TiaujU, th* 
^^nraater' (nuniuriuaUT) the ma^oitiida the Eeu luioinoua U thn itar, if +j the mare lamiaoua, if - . Th* InU^r^Atid 
abiolutft or ritual magnitudo, of* nehnk oritaraLuEter, ii chatof the total light recoircd froin the object. 

The Sun'i abioluto vijuai ma^pitinio » + 4’&, roughly + & 0. A l-parifia aLandard dulAoce wee in oh till the inter, 
national adoption of the lO-par^eo atiuidard (1352); il had ths adrauUgeof baring th* Sun*! abeolqte magnitude O’ft 
the abBobtemagnitudBi of Giant itare vaiy oniy one ortwoDoagnitudEa {from abcrat +1-0 to - l-^l) in their pr^ 
greHion from Tjpei hi tc K Tbote of the Dwarfi fnlJ off a magnitude or two a> each euecefiiive Tjpa below im reached, 
ttotJI about +15J, j» /'rioxrf]uf7«neauti a red atar perhape nearuig utfnctioD, and in PraeycnS, almott the Uintaat 
abaotute tnaguitudca known, Ei^ei and CatwfUu, on the other hand, attain about - 6^1 i Sup^rnjovw in lElpiraliv - 15. 

The nKwt luminonp rtar known le 3 IJomdua, a variable atarin the larger Ma^lknic Cloud, nmu 14 magni tudoi, 
or SOO.IKKUOO.OOO limisi brighter than bho Son : photogr. aba. mag. at brightcit, ^ 8 3. Thu loait luioinouj ii Well 
3C9, k neajvby itor of mag. 13 JS T«qal, Ifl B absolute: iti InmiiiOffii^ ij only l/5O,OO0th tbat of the Sun. 

To nnd Absolute Magmtnde:—Abe, Mag.—riaaii] cq»ig, + 5, piui b tiiusa tbo Iq^uithm of the parallax. Jf ■* m 4-14- b log 
Red Magnitude and Coloilr Index (Harvard photo-red,. U. A., toI. S9, p. fiS; effective waTedength XS8OQ).— 
EL t u ijateni—the effoetivs wave-lnu,gth of which ii halfway between the 0 and IJ lines, and abont the ware-length 
at t s avetage m tenfsity of the vimiii polar epeotrum—red oolonr indea ie about 30% greater thiin jwWowo/i (InteroaliL 
photogtiLphio [i] wiiHT« photorimal inag.)j tlue-redand c/i =7-pi^ and 

PhotO-electriq fflagnitudes a™ meufured by a photo-eleclrie ctiil (dilTereiit from the thiM-nao-eonple tiBed in 
the bolDinetflr)^ it givos groat aaqumoy for dilfurencEa 1^tween etara of the »me spectral type. There is no photo- 
oleotfic magnitude ■ealo, aa oolJa vary in toniltirity bo different ookuna; {the bolometer integratea all the ndiBtioa)L 
RadtometrlO or BoLomi^trlC Kag'ailude giv& the taoi radiation emitted by a star^the light, hsat, aetlniu 
rays, eto.-^UBing > thermocouple or bolometer, instead of the eye. The va«dable etan Jf im and x Cjgni, at maximum, 
amlt nearly twice as muob radiation aa at minimnin, but their light jnereoges eome ]Q<Kl-2000 times, 

ii expressed on the same system os viiual magnitude, and the difference between the 
ittdicunetrfc Mid vlsunJ magDitade is called the I/teU /tidexfoomspanding to the pbotograpbio Cdloiir Indu)^ the two 
being assumed to ooinclde for Type AO, {See Mt, Wikon AnftnsJ Roport, 1935). 

B^nmatrio Mo^rkitaday on the other hand, agrese with Tisual magnitude for that Type of stiir whose radiation 
has maxiniDiQ lacuibQus efficiBney, so that visuoi mintM faolametrie magnitude ii always positive or xoro, llie 
Type for which the riaual and bolometric magnitude agree ia very nearly that of the Sun (Type GO). The Sua'^a 
absolute magnitude is about i ff visnat, 4 6 bofometrio; rvJioTnetric, 4’3. (See voL 77; pp. 39 and fi04> 

CornblDsd, fSh^ftlltUdfl ia the resultant magulLude of two or more itara, so clou togother ag to appear to the 
eye (or bo troatod) aa a single itar, ft ia the magnitudu eurrwportditig to the suiu of each etar'i iDdividnal brightness, 
^forred to that of mag. 0 00 taken u I, and ia found as FdIIuwb {adding thu two inaguitudea would giveafointer one), 
A ataj'i mogniEudo multipliHi hy ^0-4 giv™ th* lagrvrithm ef ite bri^htume rektive to mag, CHSOt 
The Itjgarithm at a arnica hrigbtoeas rclakive to mag. 000 when divided hy ^0 4 grvra the miguttude. 

Colour MAgnllUdO is tha tnagnitijde of a star mwnrsd for paeh of the wave-lengths (referred to BO ag 
standard), and redoced to standard AO by thecretical blsok body radEatiun (jioo IL3.U&). 

Opposition JHagrnltUdO is the magnitude of a sapflrior planet when in oppoeitEon (p, 3)^ the planet is then 
ooareat tba Earth and bright'Mt, and {In LhttoTy) is only theu seen with its disc fully illumu^at^. Oidinarily the leroi 
decotw the oppcisitiott bTigbtncsB at raean dlitanue, as a planet^a diitance and brigh tness vary at differsut oppcHiiticina 
The foUowlng Tahlo gives the approximata range of plnucciirv variation in magnitude (aee aljo diagram page il). 

rLiiui K,4iK«T«a. uiLi-a lu., r\mt,n jcbL Mm. 

Miim -SU -I'M -t’T n Saturn -OUaw+O-^ CL'S jl Keutuju t-Sg 7'6& TA4 

Jupiter -a-B -a-ft3 -SI [| Uranua h'85 S74 ffOT fj Pluto ISS 14 15^ 

Limiting' WagTlltUiie-—The LimUin^ of a star catalogue—the mdex of its eompletocRas, as 

oiDisjnojii become inavi table at a cortain sbagu—i« that magnitude on the brighter side of which stari omiffed From 
tkj oatalogne about oi^ttnl in number tbe stars on the fainter side indutUd in the oatalngno. 

CalDur BtluatlOn : Magnitude Equation.—TI lo firit U a small correetioii on the magnitndes in diffemot 
catalogLmA to eliminate (al the eoSoar-wlpctivity of the inatrumento. atmosphere, * 0 ., of the obncirvaterioa reaponnible 
for tbeuii which aifsets the retnJcs^ eapeqklly in pbotogreplm; {h} the uacertatn brigliEnefeac’olour error, due to the ^e, 
known as the /‘un^nys ^jfser{p.4'i). The k a aimilor small eorrcction, to remedy the error oansed 

by transits of faint ttan being ordinarily registered kter than thcne of bright stars in the aanie puBitiozL 
E * AppMiitMUly Uul.4i{ 


eLASSIFICATIOJf ST SF^CTJUL 


LutnlnosJty: Surfaea BHfirhtneaa.—The luminosii^ of & lUr diiTen frooi ita maigiiitiide \a bainptlie odiuJ 
amount of Mght aaaJtted bj the •tur, inateibd of the iipp«rent ^oont^ judged by ita brightiuMs to the *y#. It dflpcniia 
on the Atar'^i dikujaier und teinpermtare, being tJie ibAr'i Lreii not &ngulAr) multiplied bj the uuoont of light 

It emits per fitjuArm eentimetie, or other oait—i.#rp by its Fri^htnmM. Sun^i lurfibcfl bngbtneiiA ii tnbeo u 

iiwg.O, and a acor'e reUtire Harfboe brightness, + or -, ii eiLpriiBijid in ma^nitudei (Table, p.viLj)-^--eyiubotiied by J, 
The InminMitj ralatirelj to other etara ie giTon by the abioliite uiagiiitade, or brigbLneeS at 10 paneae diitoneo. 

The higher the teuipormtnrB, thn gmatnr thn snrfaeo brillimoy ji thm Atari of the same nbaolute magnitude may 
dlEar gmtly in lue and anrfooe brightueso, for a low-teiupenture * Giant'' (pt^O) milet have a larger diamotsr Lhan 
ai higb^temperatare B-atar, to be of ibn sama abaolntii UL^aitmtie, Prom tb» ralationjhip the diameter of etari o«n 
bo calflolated, independently of their diitaaeo, from tkeTuaal magnttndBi, tbo iTirfjifio brightneu being obtidned from 
the Type, The dJMeten that bad been predictad on thii bHii vere found to agree olowiy with the obaemd vatuisa. 


Star-cla3^QoatJoil by th nlr gpootra,— Setiehl in ISOJ-fl? found that when the light emitted by diflerent lUn 
wu aualysed by thu speetrcerope, their ipeotra fell into four well-marked groupl whiuh graded into cne anotiher. In 
IS74, Vogel modiEed Seoctri icheme by adding two aubordinate olaeoea to Oloos I i anotber {Woif-Rajet atara)} to 
Clast II j and inelndlng hia third and fourth typea aa oub-diviiiaDJ of the eame order, i^eot^hl's Type* are now HttJe 
nsed^ oaoept hiatorioaUy, bat for yery aitcertaLu oosea the I.A.U. defiitoa them m fotlowi (05 waa formerly Oaji— 
Tim L 05-F5, predominnut hydrogMi liuea. I TtmITL U, utsuium oxide bondo, i TtpuT. Oa-Od, brigbt Wolf-Rayet 
^ JL Ffi-KA) prommeut metaUie liuea I „ IT. K and E, corbdti Irsnds. I lim. 

About IdSO, Piokering introduced the * Harvard'oloasificatiaa, now universally adopted, letteringSacohra ortgbal 
groups, with othUn, imi in the tah]a opp^Hite, the rorioua uctluba being epoken of u Type O, Type E, dee. Oradatioui 
or intermediatea are indicated by combinatiQos of the leitera with hguraa denoting tenth porta. Thus B2 (a ooR' 
venieut abiidgmoiii for denotes a apeotrnm nearly like that of Clan B, but esti mated te be two-tenthi of the 

way from B to the following Cloaa A : and 05 (— 05B) meaua STO^tenthi of the way from OS to the neat Claai:, which 
ia B, os Type* 0| are finit in aequeuoe—the original urdur was A, Bj^C, (kc,, hut from Inter infurmation it was 
altered,, and hhus unnoetNieaary letteru dropped, Boccdii'a ctuaes were baaed on vtnuol, the Harvard on photogrnphic, 
epeotra, but on the whole they are fairly aceordant. Type B vss added 190B; B, 1&22; W, 1395 (I. A.I7.„ re<»miuei]ded). 

BO is the highest of Clam B (the ^ 0^ ia a starting eypher, not a letter), and the lequenc* ii OS, 03, BO, B1, Bt, 
B3, . f .B3, AQt Ai, A3, Aa.j the acale ia thu* a deaguadhig oa». BahMlivtaimu a, b, e, Ao., are uaed where there 
is uncertainty as to the detailu, but numbera ora aubstiLnted when the ai>eouaiy information ia obtained: ‘ and ' n * 

itars, bowererj are not subdiviaiona, but staoi having ‘e’ or ‘u'' cbaracteriitia (p.19). Tariahle atari are now tlasssd 
at maxi mum (1922), For the auWivisiaba included in a ’Type' w iicn used in the average atuae, or in atatiitkal work, 
see neat page. For detaiia of Types O to N, see VoL 2fl j 145 j and Zhop^r CoWoyue, 193+(JT.A,, voIsp,3B-S3). 

and Laif Typ* atari denote Types B-A^ and £-M, respeedvely, somewhat iBoonvenient lurvivali^ in certain 
respects, of Vogel's aoumptioe that Type I atari were the youngeat, and Types H[ and TV the oldest, before thu 
Giant and Dwarf diTisinns (p SO) were kcowru For the ssmereaaon^ the J/oin Jii^Tncniis is the downward progrBasion 
of increMing rednsaH. O, B, A, F, 0, K, M—Types E, K, branching off at Gj and S, perhaps, at £^5 at 510^ TypttW 
mav bo the lost stage of another soquencB from if ova through planetary nebula to join Typo 0 at tli* other end. 

ftussBll DEUgiram i—This shews very effectively the Giant mad Dwarf relationship and the Mjiiii nqucorai, the itars being 
plotted oDcordiiig to Type {tompwaemw), and absolute magnitude (Imoinaflity), By sddtci| curvea repreeenting 
r fijuamw^^ the Diagram has boon erbinded to oihibit the musdominosity rclatiuuahip aa well. 

Star Col(}Urk.^Golour U an indux to phyaicot 0 Dnd.itian and temperature (p^^!)- A list of the mean coIout 
of each Ty|i«, and aub-division, U given in Monthly ^otioas Boyol Aatrob. Bociety, YuL Si, p.S3, Oato Oo ars giveo 
as greeni^ yellowy B3, B5, white; A3, pure yellow; AB, ysllpw; orange yellow; MQ, orange; B, urange red; 
Ne, deep orange rod : iutemiecltite types merge into the nert eolour. Ckilour algo affnets twinkling, u explained on 
page 3E The ocimponnnts of many double stars exhibit the ourious pheuomeRon—sometunea merely nptiqal—of 
boing oomplemcnIlATy in colour—oranga and blun, or erimaou and gi^u, &c: for examples, see Notes Star Charts. 


Belntlvu If umbers of dilTepent TTpe^ {Sbaplfey)i—Of ths 5S&,000 stars, to abont mag. 13, in the Draper Catalogaii, only 
aomeliOOO itfa of other typm than B, A, F, Q, K. M. Nearly 00,000 sre brighter than abnut mag. 6A ; 80,000 srs eaecutiatlj idsntfi:^ 
with the Sun, and 05 per cent are probably within 3000 light-years of us. A sud K sn most eemimm in the Milky Way 
TW ... DBA F G K MNBS 

TifrMitiiStudmt ... fSO^BSJ f^AS) 

No of Stars . 3.507 01.300 Sl.lffl 40,443 7a^S0fl 13,004 

i'fni«a4Wf j m AW, # 3^*-* S'’* “ 

si a-fi H’O 15 7 36 4 7^ 
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The Harvard (Draper) Sp^tral Claeses,—TheTabbbelow j^Tea Old abli<»bt featBrei!*: the RouuiLn nemordt 
iDdi(3a.t« Btsccbi'a CUsw»(p. 18), The Mropera-tupea lire for m "hTact bodj^ (pt 31), niid aim mere or Jew HpproX' 
imate, ihova betaw Typo G (Suti = 00) being probubly imther low. For tb# Rftdi&I Telooitj of each Type see pRga 31. 
B«, Me, Se, Oe, at&m deflate B, 3, O, Jic, itarE biTijig bright embtatan lilies («ee p, 33), 

' Type B,’ 'Type A+' Jfe.j when used in the gcncriJ etiiMit or in wort, doot not uinally inean the aeriesa 

BO to S'?, or AO to A9, but nn titnsra^ Type, in whieh AO, BO, Ao,, are approximatolf ctiiitralp incitiding the latter half 
of those lettered in the Type earlier, just as ^ 2 nd. magnitude^ is nob to 2‘9, bot 1*5 to 2‘15, or T -C to jI' 5, ahapley'a 
Table, oppoaito, iadicateH an (approxiinato) D 4 oal baeU, hut there ia no dednito rule: some begin Type B with OS. 
Tl. Ttws W. Wolur-IUTirt xSraaH (at present In Tyjie 0 )l Cantlnunua speetnuo with many atraiig eouHioa bands due to atoms 
ioniaation potential: mwt ImportAnt tt, aneiMiatiid in a nitragen BWjiwnee with A^tn, rr, t 
(T ype W): DTio a ouhoij nna with Cn, 111 ^ Vt (TypeW'J Oji^ m, it, t : typical stust^^ HrlX lf7,Sft2, We, 1 ^£ 2 S. 
V, Trr* 0. Wou-TUtnt Stans {Greanish'Wbita). Very high leraperatmss^ large masan and velocitiiMt hrlghtbanrlH ha their 
apectra indicate eonnaotioo with plaiwtaTy nebqln and final BtagH of Kovia. All in Milky Way, or MajpUaole 
Cicada. SnbdaTiaicFna Oa, Ob, Oc, Od (Wdlf-Ea^ct Btan. preper); aod Oe^ ftlnUnhed IttSS, Qfl-OS being aubsU- 
tnted, with Wolf-Rajet banda deadribod by affixing a, b, d, aa Oeb. (39,000" E., F.). y rrfdriHni. 

t. TtpkS, 0 AION or UxLIUH SfaJU (Blmiih). Eelinm lioEa preminent l reiy hrLdlant and hot: krgs inaiHea I mcaa danaLty 
l/lOth Sun'a Terydifltant e sioaLI proper motJonaand m-Ban Tiilodtlea r atrvmEOalanlsjef onniKntratiDfl; hrightasS 
nmatly betong to Local Cl aster; great globoa sf glowing gu. (39,000' K^, 44,000" F.). r (BO), f Qridiftir J p Crveit. 
Typa A Bmujc or HToanoatt Srjtafl (White). Ealnsor Eydrcgen linai rary Intomte, Helinm abaent- Moat nometoua Type 
after K. Predominate in low galactlo laLi cudes. Greater proper motione toim E (U,00QriL, £0,000*'F.). 
JiWiU' (AO), -t AndiVTaedx, p CfWmia. 

Tm F, Smiur-SoLan or CJAicnni Sunn (YelloW‘whiteJ. tSaldmn H and K linen veiy prominent 3 Bydregeo hiwi miaeh 
Ia» inbonM:, uetallie linu tma'mse'. Much less numeronB than A hut incluiki^ majurity of known btfiari^, and 
largc-propoT-niotsoa Etore j little Galaotlo conoentnitiofv f^htW K., IS^SOO^fCi3rtejPu#(P0), 7 ■■ 

II. Tint Q. BnuA arjjta (TeUnwj, Hydregun linea narrowM and »tiU leasincmu* j Ji and K catotuni lioaa pmuinaat, and 
many fine, dark li^ in Bp 4 ctfa. Density ot Dwaria abont 14 timea that of water. Move more rapidly than 
prodding typea. Little Cnkeiia eeacentiadeii. (fiOOC EL, 10,000' F.); 5uii, Claiisifa, (00); a^ Ckafaw^ p B'ytfW, 
Trrs El Ancfuttiijr or EaivSoLaB Stabs (Oranga^yeUirw). Hydrogen lines fainter, hydrecArbon baodi appoar; density of 
Giants abent I/IO,000th Saa^; most nutnerema type, predominate ui iho whole in low gnlaotio latititdeii. 
(4aOO' IL, TOW" F.> Amvrv* (SO), o Unm ifq?.; % ft /i»dt 

11L TmiMh nA^TaBiAir Stabs (Orange), fipectn Uhe that of the Sim, bat with broad titaninin nlde and caldum bands or 
dutingfl. Density QfGuiDta Im than l/S0,QOOth of Son's ; of Dwarfe, gmater than Bun's. Teay dktaut 3 higher 
meAii velootties t han B to E, ^ direoUona; widely BcattereiL Faintcir stara show a prefereEioe for the gnlaetio 
centre (Sngittaiiua region). SubHiLsBB&i were Mil, Jib, JIc, lid (bright linea); Md WAS alxdithed 10dE(tbe 
■emiaBino' dgn *«' loffiraw), the othesw were mads MO^ Jlft ME. (fiOOlT E., 4900T.]I. 

IT. Ttps K. CABBOif SfaSA (Deeporange-red). Focoliar band epectn lUmtluHnof ccunLeand oandli^fijunes, due toearben eom- 
pemnda; twiKtbiTdi in or noar MlUcy Way. Probably in a brunch seqUSbCa, O, It, N. Bllb-da484S Na, Nb, (made 
No and Nft tdM), and No, the deepetn ^ nf aU the store (as S Ctiphti). (SSW E.^ 4900' F.) F Comm Fm., 
Trra P. Csed for gl«aoiia nebnlaoL {For iteiaClt rn JT. A, wf. ^ JP Fucinm. 

Tm Q. Used fur NoTset Dmdod meanwhile (IflfiS) Into Qa^ Qbi Qc, Qd, Qo, Qy, Q» : the lut baa weak Wclf-Rajat. 

bands, bqt, qnlikc thnae befara It, no bright bydregen hnea. (See page4fi; and ^fVema 1993, 1939). 

Trr* B. (OrKigfrrwl), Carbon banda; Tianally raBambUaH, bat pbotographically different, bine and violet being hrightor; 

not so red u M or N; brightest^ irmg . 7 h rraiba.bly jociiu main aeqasnno aJt O, the bmneb iegiienofl being O, B, N. 
Added I0oa {ff.C. 14S)f cnoatly in X previeoaty (ESOO'C, 4900'f.). AJ>. -10'5037(BO), C.R-li4r l£m^ 
Tiyi A Bed stare. Mostly longnpcHod Tariablea; Vmy oomplioated spectra, bright bydregen. Unto, absorptloti and ombimofi 
hnto). and Bonie xincoulnm nxlde absorption bands; perbapi.a brauEtli frem Kb or MO. Add^ IG2S:; mostly in 
X pnrriuiiBly. (1^ a lilt J/f.'IF. (7crtfr. £53). ... ... ... 

Notation for P&euJlarltiei—There are two seta of notatioiia, one pmfijted, the other affixed to the Type; 
^aariiflr' nicaiis in die Type B direction'; ^later'h in the M direction. (Tbs Icttorfl may be combined, as OGk.) 

PkM&BtJ. tuiiui d*uuii» TV. / j.ff., ttot, iesat 

c All lines narmally narrow and sharp (p.-^); lalnr than BO, 
hydrogen Ibm koid enhanced lkn« AbDoncAlly ctrengr 
g fiiant Blare. Echimoad lines £ur]y slrcng; Icw-tempar' 
ature linM i^tivsly weak j bydmgen limsH stpcmg. 
d Dwarf StACH. Enhanced liniiu vroak, some calcium ^tiUninro 
(*« ^ Tfel n»d MtUat tliui B4 ; 'f' and ' tlaa FOi) Strcng. 

ABstit- 

a Bright erniiaicin lines, except in P, Q 3 temArkable^ el 
eq db. i with a'bacirpticin line mi the violet aide, 

er do. ; bright lime oanepicSaly ^rerened', dark centre, 

am Bright hydrogen A Ibirly eonspitmoos bright metotlm linn. 

' Tjpca C), D, ke.t of ths edfinal leluiiit wan found ndusdsat. 


aw Wolf-^yel emiesian linsa or hands; conspicuous, *w1 
k StotjoDAfy hydregen and colcinm llnjea 
n Linn imuimally wide or di ffnsa. 

p Fecniinritito E aymbol of tba element most afiboted in 
I Ramarkable. [pawnthottUt: unldentlfisd lines ' Uo.'). 
q AbaorptioD lias On the vlolei side (with e). 
a Lines sharp, bat * a ' charaetaristio not pmeat, 

T ttudicalea a variable spectmnL. 

[ ] Forbidden Bnea; symbol ef element in square bFacksto 


TBE stahs. 


Glwt and Dwarf stai^.—Spactr*! typa iiidicatq 4 tbfl t^mpAnttnre; trapemtare rpgulfctisi the SLirfuGia brighV 
iMM I Boii tbe ■urfw.ig brightnet^i d£ a sw DiultipEied it* atba givi^ ihfl biniotMitry or t^lAl uuoDut of lig^ht emitt&d. 
ThSs, AgHin^ r«[f(iljii.t«M the Absoliato nuigiiiitDde. Heaoe^ when twa atAni of t^qiiLAr Type hnve diScreDt Absolute lUAg- 
AitudeA^ tniub hAve differeAt El^htHcmicting vrwi, iind diAmetcra, Thli is well qhnwn on e /Ivfsetf. J)^Uf^rnm{ 2 >.l 8 ). 

AiiAlyik ol ibaoluLe iiLa.gaitttiiBa $how« thAt on tlie one bAnd lliera li a oautinLinm AOnn of et&TA fi E^m Tjpee M 
I* B, with inorauitiig tompofAtuna, whioli grnat *nd fnirlj oraatant Absoluta oiAgnitiidiMii raufiiiig Iraro about 
4^ 1 <11 to — I'O, or About throe mA^ultudea. On Lho hand there u a reversed Affries frocti A to with dcHirouhig 
temporAtiimt^ And nbaolute mAgnitudes fAlling oS^ a magalbude or two as PAoh iaaoeBsive Type below Ia reubed. 

Stnra of the ineroating-tesiperAture series Are known as those of the deereASLag-temperAT.ore one as 

faeoAUse thn OLmt M-ston must 3;ATe enormouA dUmetera to Appear aa bright as they are with their low temperatuirea, 
while tho Dwarf M-stnra mnat bn aiiiAll in dinmeter to appes-r as faint aa they nrcj with ainulAr tenperAtureti. These 
iLAGaes, h^^woTor, oa.}y apptf Uternlly to the M or Ute K. atan of the two branchea, aa the difTemn^ in diampttRir ho- 
tween each hmneli eonbinuAlly leasens with eAuh Atop forwardl nr biurkwiirdA towAjdi A Aod £, untilg in thuM’ Types, 
th.e momberfl of each senes canDot bo diiungiLiabed ; from FD, ho wave r, OiaTit And Dwarf Atars am known by tliair 
'enhaocod' and ^tow temperature' linBe(p. Sa), the OiAnts baring a Iow^ temperature tljan the oorrespondmg DwiLrEAi 
wbioh are bEvterr The Dwarfs greatly out-number the Ginnte ; the cooling atagu probably laeta mueh longer. 

are abent lOOO times brighter than the Sun^ with ahsoiute ■nagaitndoa grcAter than about-S-O, 
like ; cuoan ^{abs. mag,) about - J3'7. Svb-ffvmUfi well-markeii group, ATcragu about 10 Umes the Sun^a 

IrnghthMA, with mean 

The Whin Dcoof/A —exceptional ttai^ like the eompanion of Jrfrtwt f iftWwi B) —are itara oJ high totnpuraturw, 
yet BO very faint} in praportiou to their diAtauctnN, that their diameturn miut be of phuietAry siEU, and their averaga 
denstt}^ slmeet iDoredible—lome of them miliioiia of tiueu that of water, their largely eleetron-itripped atomB haing 
packed enormonaly closer than in the matter we know (see below). Being au bint, only the miiArcr ones can be aeoa. 

Stellar EtoIqUoh,—T hese facts auggested the EertBprung-Eujiell theory* that a sUr begins it* visible life a* 
a dl^BP iow-ternpBtature M-giAiitv In ADcurdance with ^Lane'a Ijsw^—- that a gaecoEti hudy rAiiiiadng btat, *nd uOn- 
tmeting uoder it* own gravity, muBt get hotter aa long aa it behAve* a« a perfect gas—the Btar gradually riae* In tem¬ 
perature, and BO pusiea into BuemaLve higher Typeiu At last a Type ii Attained —determined by its man (aae below), 
—at which rediatioa balancea the energy lupplied by contraction, and the star therefore begina to cool* and, entering 
the ranks of the Dwarfs, paesei downwarda through the same Typos again to fEtvisdbiUy. 

This theory, while it offerB e very nmplo isaplanatiqin of the Type-gnodatiooi, by nc muaju explninA all the facts, 
and from thu phenomeoA of Novia s4jd WUit« D w^fe, it is now nupected that change of Type may he of a catastrophio 
tiAtnra, due to the cu-llapHe a{ a Atar* 

BTHsa-LamlzLOSJty Law.* — If Htan an plotted aajordiug to msAB and aheolute magnitude (lutnitioelty) they lie 
atos,^ a smooth curve on the whole, mau 4 luminoflity bolog pracbicAny a conetant (except White Dwarfa). Thb fno^ 
fuminoiiifprelaticRiibip enables st«r uiuses to be approx ImatelycalcnilAted from the apparent magnitude and luminoAity, 
A itar'a mosi seem* to determirie its temperature, for only thoAO of great maAq attAin Type B, and tboBcof vezy gnjati 
ma.s§ Type O. It now seeme certain that as a star grows elder its maas dooniuAei, maaa being converted intfi cnergyn 

Pe rlod-Laminoaity Corva,— Many *taiw vary in ht-lghbneaa, Rome irregularly, otheM in mora or regular periods 
A eerLaiti type of tJiHo, known as Oepheidt(p. L^), have thu peculiarity that tho« of a given period have procticalEy 
the sanie abnolute magiiltude (lumLnoflity); the longer the pafiod, tlie greater the absolute magniltuds. The viquid 
magnitude of A Cephoid star* of known period* will therefem give jts diatauoo. This properLy of Oepheidn is of 
great itaportaneo in measuring the dUtanee of extra-galactic objeetB, but the reason for it ifi not yet known. 

Star Masses are only known, dlreetiy in the ease of binaries* the average binary system having aboulDS ttmea the 
Sun's masa (contracted, I'd 0); balviiig thl*, gives the average individual Atajf nioEK a* 0*9, or nearly that of die Sun 
The maqs of pen-binary stars Is roughly calculable fram mass and lumliiostty, se* above. 

Masmu Avo or nix times that of the Sun arc not oommon, and no tnoss lee» than that of Kruger dCp, l/'^th of tb« 
Stin’a, la known. The greatest known maeees arc the componentA of a mag.. & 03 binary, PUutJul^* Siar (//./>. <7,129, 
combined absolute mag. - at least IG3 and IIJ timoA tbo mass of tba Suu^ 

Star —Tliose of Giant M-«t«rA aro very smaU, less than that of olrt being only some ]/lD}0OOth to 

of that of the Dwarf Suu, wiiich ts I-43 times that of water; JtUanit Ilua no groAtcr average denilty than 
the vAciium in an ekretiic bulb. To make up, thiiiv diometon arc of the order of lOQ to fiOO' million miles, (toe p. 21V 

The White Dwarfi arc at the other extrume; Fan JfaanBn'i iiiar, absolute ms^. (visiial) Is fennd to bti about 
the elm of the Earth, and some 300,000 timea u dense aa wubsr—20 tons per cubic inch. A.C*Hh70* ^347, a i3th 
uiag. OO star, H half ihe sisn of the Earth* and 3S milli on times deiuer than water ~920 tons per cubic inch I 


TUM STARS. 


f1 


Star T^liip@r9,ture9p—S|HkrLf&l Tjp« fi dhieily * bempermton pheuomenoni «4}d BbellAr bompemtunu be 
meuuMsd bj ef tbo * onurgf diitribiiLion' la their speatnip—tbnt w, by eweitei&iiiff tbe point it vhich tka 

IntKkflity ii ^Rteit: tho fnnbtr ihfl maximum intewdty ii tawBjriB Lbi! ■nnlot end, tbo higbu u liie tempermturi. 

A ntar tieinperatiire bo fooiid, however, is net tbat of the interior {whiab in tbo Muo BoquoDOB if of the order d 
so mill ion K.), or of the nHiked^ hob ix wbnt it called the Simk Jiad^ or E^neUwt Tampfraiurt, ^hich cosy ba 

dedned as tho temporatun of a 'perfect radJitor^ {say that of a iheet of lampblack, the Dearest approach to it) which 
aondi out the luuue amoont of nadiatiDo per anit of araa a« that emitted by ao equal area of the star. Thia Is ba4ed on 
' Stefan'a Law’—that the total radiation u proportional to the f Ui power of the abeoliais terapenLtxtm (lee below)^ 
me \ cipUed by a oonatant depending on the nature ol tb& radiating m rfaco. For the appmgnmaLe efiectj ve tciEipflraittirafl 
of each Type, aoe pJ9. The Whits Dworfa have oantraL [emperatorea of the order of 15 million dogtoea K; the M 
Oianta, o^y a few million degreei £. The lovEs$b effectiTe tamperaturo known is about 2000*K, 

Tfui €^ot^ TemfHtraiurt of a star ia determined from the efurW^u^ion of in tensity in tbs eontinuoDS background 
between tho linee of ite epeetmm ; it ia always higher than the efiectivo temperature baesfl on tb? total radiatiou i the 
difference incresaes with the tt-mperatura. Tbe average Coloor temperature of the AO itare (l&OOO'K.) is the rero. 
Thi Ahaalnte Temperature ia tha temperature aboTB AiMoiuct the tempwwluro of a ^ eoDtaining no hflat, 

— !i!73*Cl {-4(S0*J?+X uanahy atatnd in degrees * It' iKelviu), wbieb is the ordinary CeBtigradetomiieraiujeyiJi^/^STirO, 

To oonTert K* into Omtigradje iubtract 173* [ into Fahrenheit,* multiply by 8, dlride by ^ and *iitrt«u4 400*. 

dpuelty and Radlntton Prnxsure an facton ot great im portance b the theory of atalkr intEnora, The JInt»the noiit- 
anea cf tbe gaaocoa tnatarial bo tba outward flow of ndiatlon—hydrogeti, the llghtoat elomoDt, offciine leofit netatacuM ; tbe 
opacity of 1110 faigbly^ionloed atoma In Btallar mteiHon ta fttry great. BadiffhoA Preaurt^ the momentum of nuliatit ^ergy, and 
propartOiDiud tc the 4tb power of the abqotui^ temperature ii Tory gmt inaidB a atar, and largaly OoUtrlhuteB to tba aupport qf 
tlie auper-inEnimliOat matter. It ideo eeeme reifponaible far Banwta' taib ; aa tba waigfat nf apherca dlminialm la the enbf^ 
and their projeotad anu ab the aquars, of the diAmetea', for exceedingly ismalt [Mctiolea in ihe enmet, wben nw anougfa to tbe 
Run, M. jMtht ji resohed at which radiation prnaBuraeminaik the grarltabional pull, and thuc particlH will be repelled from the Bun. 


Star DlaroBtora,—Tho angular diametein of the aUna on far below the litmt of dirflct angnlar meiiSnrtimcint, 
but, in 1921, interferometer meoaureft showed that ArtiArei, .drolnt^j, and later, J/fm, hare Angular 

diamstera of Hild?", ^041", -022", and, "056", oorruapondingto^U-, 400-, 31&*, and ISfS million mileo respectiTBly, leas or 
more, acconling to the parmllax adopted. (Th« mileage for any parallax may he found by the simple rule gireii beiow). 
S 9 ttigifu*tt how ever, opparwotly pul^taa, varying from §’''034 to 0^’'04T^ Stellar diameters con olao be oalcuUited 
pa the baais of eorfaee brightnaaB and vieual magnitudfl (lee ' Luminonty’). 

The diometert of WhiLe Dwarfs are of planetary eiis, •Birins 3 bslag rather smoUer than Neptun*;^ and A.C. + 
70* S247, roughly half the aiie of the Earth. 

Duunetcf in Mflca—Hiiltiply the angular dlAtseter m necouds of an by 83,CX>0,O00i and divide anawer by the annual patallai_ 
„ Kilametrea,— ,i n » ip h li!KlHOaD,OQO, „ „ # *t ir» 

StSltaT Rotation.—In semtBpMtra oil tba linsi are equally wide, mostly faint, and fairly aharpedgod; the 
metallic lines being wide, the Stark effect cannot he reaponaihle. The wide linra are interpreted oa being duo to tha 
star’s rapid rotation, the wideniug being thn effect of the liueB produced by eaeb limb, which are displaced in opposite 
directions. The most rapid Totatinn yet foand is tliat of Affair, SSO km./eec. (160 m./fleo.), which rotatea in about 
T bra., although iti diamabqr IB about times that of tbe dun. SmalleBt relocity detectable, about 30 hui./sec. 

Star ValOflltieS are bast known fnjin tba radial valeuicles, found by tba speotroiicepo withoomiderableaccraiiwy: 
it gi’res the aunimum-posiible Talae for tha 'space' or leal Tulooity, whiohi, hi general, is greater, hut is known lesa 
oocurately, Its other focton of poralUi, proper motian, and soUr motion, being mors or less uncertain. The ipaus- 
Tuioeitiaa nonnoti, however, differ greuatly from the radiet ones, untesa the sroea veloelty is relatirely great. As cross 
'relecitisa, on tbe arerage, appareJiLEy do not differ greatly from tba radial ones, tbe average spooe-velocity may tberv- 
tora be tak«n to be of tbo order of timai tba nufiol velocity, Lt. tha approximate resultant of twoi»qual velcwities 
at right angles. Valoeibtea are exproosed in k lloioetraa or mil^ per iwond (oontnmi^d, ' m./sen^). 

The majority of atar ralodtias are under 30 kiEomatrea (19 miles) per second, those of bOi km. (31 milm) ora not 
common; hut tbara are notable exoeptiona, RZ Oephel having the enormous valodtj of 1100 km, (flSO mil*fa) paraaeond. 
This U far iurqjaaiwd by the xplral uflbruliB, which saamiogly speed through apace with valcieLtleB approximatoly pro¬ 
portional bo tbelr distaucc (aboat i5DCM350 km /ttacs. or 310-340 m./scox. per magsparsac), up to 200million llghLyeoH. 
Or mofe, for which the corresponding speed is some 26^0 mllliun kliomatreB (1650 million miles'} per day (Tabic p xi). 

On tha avopigB, i^loeitias tend to inereaaa with advaneiug Type, oi abovn by the Table of Approximate average 
radial vclooitiaifCJam;?^^, Asa. )below : the velocity also LDcreaaaa ae the abiiolubs luaguitade inoreoses. The velodtiea of 
ihe few E atars known, fall inte three groups under ID km./seo.,ab0Dt 40 km./seo., and high velocity 250-360 km./oee. 

Kodioi Vnlority Typ* O BAFOEMMeNffSeP 
Km pcrjHH. ... £5|kiii. fljlcm. U km. 14^ km. 1C km. I0|km. 17 km. 35 km 18 km Sl km. 24 km. 30 km. 

IHIleeperiao. .., tAmilea 4m. 7m. Bm. Bm 11m. llm. £3m. II m. 13m. l&m l<B|^m. 

Maatl *b(. mug- (l>wsri|i] +8-6 +4‘4 +6-S. +8^8 

—40 —X4 


(Giantia) 


+ 0 '« 


08 


+ iyZ +U'B 0-0 -0 8 (-TC) (-1‘8) ( + 04) 


* AppraidtiiuLBlyi, iHthlu 83*. 
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StellaJ* Equip^triltion of Energyr—While tliai* *re couaidflrmblft differeneei in tht veloeititMs af individa*! 
■tun iId oub stan of low Telooitj^ avgraya^ have largB mMSESs, atid ihow of higb Telocity amaU iruunair 

The kinelle energy pf each staT’—ths Telod.tj' eqnarcid maltsplieii by half the msafl—ia on the ftvcimgtt, appitni- 
mately a eonetaat qqaetity. Tbia baa bwa ahewn to PMult from the interniicticni of the at&ra on one juiotbor OTcr 
enoiraous periodiiL The B atam, howortfr, do not eonform to the mW 

Light-AbsOCTptlon in Spaca M>eiiii to be Hlmoet n^ligible^ aa the difitanoea dew red from the brightness ai^ 
diamrter of the niuoteat apiral nehuba are fairly acoordnn.t. Within oor Syatom, bowsTer, eapocialiy nenr the Galaetie 
plane, BTidenoo faTonra a alight absorption, which ndtlsfiM the sUtrs—■!,*.* Ifisaena their masimmn interalty, diuplpwin^i it 
nearer the rod than tbo normal for their Tjpe—mtLkiTig absolute aiagnjmd*?* mora than they ahonld be, and ^iiatancaa 
derived from them too greot. For 0-7 maif. abaorpTion |wr 1000 pareepB, at 500 parecea the real distance would be 14% 
ieu tiittti tbe apparent; at 1000 pareocg, 24% loss; at 6000 panwce, 6 $% leaa f bat lotor DVidence favonn * ainaller ahaorp- 
tiop, 0'40 mag. per 1000 parEpca being the moat probable for nnilorin iiitersteilar abaorptioa. hft the Galactie aystoxn- 
Ctri^sr Jtzesjri 11 the greater redncBa of a atwr (oreaLtenml gal»*y) otw a tiaraial star of tbe aame spectral Type; 
it LmpMoB some special factor^ luch aa giant and dwarf differeneo (p* SOJ, or ipime ruldeiiing. 


lY. SPECTROSCOPY. 

SpectFCSCOpy haa now beaome of aaeh lar^roaching iinportanw in a^trcFOoroicHiit resoaroh that iomo hnowiedge 
of ita aalinnt facta and tariniiiutogy baa beoorpe a itni ^ua nen for uaderBtn.nding' Hie diflerencaa but ween tbe vanoui 
Types of itara, and the rnfercnees in current aacponomicoJ. Litoraturo. A idniiiar knowledge of tbe atomic cbartgoa 
giving rice to tbe Tarlom apeatra ii also usefiil; the foUowiiig hrlel ontLine may help th-oio nnfainiliaf with tbOHxibjMt 
r 4 ig;hE ta enppnawl to be due te und nixtjaiai or witvBH in a {bypotbaiicali lijjlit'-'ttaijainilting loediam Icnown M the ether; these 
ligbt-wiiwi* am of infiuite variety in thalr crart-tincnsat or wave-lcugth' dUtanua, some hdliig eiceadingly ahortt otbe™ oom- 
parotlvely Irwiff, bat tim eye only poptaswa ihow witbin narrow hmita. Tlio ahijrtetit wavn^longtha viaibla prt^oo* the 
of vinlet in the «j« ; thoae about twino ae long, tho Hiwtion of rod; th™ of intcnnediaia wavo-length give tbe eesieatkm of 
blue, gTBBEi, yoilcw, orangB^ & 0 , The light frotfl an object ii analysed by psisHdng it through a ilit in the ainwtroeoope l/hOOth to 
l/iCiOOth inch wide, tlion eichur (a) throogh a priam •Of pwama ; or (5) lettiiig it iaU ebliqiwly oa a finely-nilad ' grating ^ in bolb 
ouee the luirFoiv twiani of %lit la sproad out, or' di^Kireed,' mthaf into* Icngwhnimd h*ml,for soma kiuda of light, into * aoria* 
of wjpwftta hair-like {wlonrod lin«L (a) forma what U knowu ae a praManfie Bpectram, in which iho wavs-bmgtbs at the red end 
nru much tafa spread out than those at tho riolct and; ti)( a normof or difratii^ spsctruiii, Ln which tha dliporaion la uniftmn 
thmughoat, and apread# out tbe usd end to bottor advantage than a porkm doei ; the loea of light in grating hoWAver, ii » 
wmsldaraUlo, that they canaot be nsad far faint epoctra. The nairuwor the d.it, the poror, but f^ntcr, the band spwitruit 



s. ^ornm^ ^ * UllffMoan* ■pwfninij 4iipnnma iialfeim P. ‘Primutlti * ■pwaruiB. uma Jan^Lti Kusfl ditparatm red •nd, l«r|a at vJnletMvd 
*A X7&S4. I C i/a I Dj X J £ XS|I7^, /rort.tCia, I F W j H C^ileivm 

B dse?, „ I B, iBSa, iftsAwh I Dt >BTa. ilafium I 0 4Sha, I K .y 

Angst ropth ljnlts»—The ijMt-to-firoatdiBtajuafle, tbaugh TWT minute^ can, bo mownwl with great accuracy^ iuid Jim eipn«d 
in dnyat/tiHi Pmdu ^obntjwutod, A.U^ or angntroma)—eoofa L/ton-milljoDtbflO^ of a millimntTe, or a ^toiith-motns^—aymhobsed 
by tbo Groek lector \ {denoting Ang. wave-length),, followed by the nmnbar of ten-mitlicnthH rrom erait to crBaLl- 

Tha Intumn-tional Pritnory StS-oduri wavo-lengtli to whidl athsr lines aro naromd, is X643ll'4fl0fi. the wave-length of a T«1 
Ufle amittod by gaawus fladmiunit and unite on this huiis are deeignated ' IJL' (IctonmlionnJ angatroenj^ am th* nrigifm.1 A,1J^ wa* 
idiightLv over-valiiiadl. There am ^Serandai-y' aud '^Trftlary * atandnrda, using the Luvea of other elumeniK, (See TV, JLd. Pi IfiiS-SS). 

liie Cirrvie laci«ir # in eometimw amed luatead of h, Mpecially fur tlie lungor wavedengtlis, indii^mg that the Egunn *ro io 
tbcFimniitln of a minitefftre (micirone} innCcad of ten-mdlionthAi ku, or milliunthii of a milllnintm. *» idiw earaetunoe ubbcL Thua 
ft4ffflfi-xe43ft'4fl£>S. W ia need aa the plurel of X, (X^^kIO^OOG; ;i«iX+10,0C0X 
Tbfl VLalblo Speatrtim rongus frOijai about XS0OO in the catramn violet, to X7FW0 in the artreinfi Pod, but it hw no definite 
*6 OJM Tsiy in oenoiti vity, BasBou, boycnd the Tiolet, ia the apErtnim, of evofr-ehwrtonlng waTO-longthaf 


Kcorded by ofdiiuuy photographic platre up to about and by ipeaial apiwrama to XIJHX Beyond ibo rod, also unecen, le 

die in^rad, of ever-lcnftfaemng wave-lengtha, eomBtiniA radled 'heat epeetnindi'; it ia traceable to ^1S,€00 hy ■poctal 
photo^phic platM, thaimfler by other moMls, to the limit of tfao solar speBtratn, about X&0,Cl0U—but thTre arc waTe-lfeniftha 
far longer and dsortor tl]*n them liroito Oiygan In cw atmuepheni, ood an oBona Inyor blgh upj nbe^rlie alt radiation fi™i] oataida 
ahortor thiui XEQOO, nidcpt Ooemlc; In tb,e infra-rod, tees tlum of the wjtiir radiation is urgroetor wara-leogth than 140,tW fAu)* 
CoQTSntlohal Dlvlslniis nf WnTfl-langth (bomidaill* indofinite, eanh Idnd gradsiaBy rnergoB into the unit: X»angetrnma). 


X-ntTa^isfiilW*) 
[lud, kil S'tfi, l«T 


I Ultra-TlalAt 7 Violet light I I%ed light 

n, jiy.Bi; tT1jil,l!i|»> io; 

04300,00 k, I wn, ODOO.OtO cm, ) 0'000,in'e mi 

I' X140 I X30Oh,or \ \7m>,w 

tem luafl). 


I%ed light Infra-red 

(TIjiliNViio: {tHTUbU^ 

O'OOO^in'e mi. twm 
X7eilH>,ar to-OBnn. 

O'TSa to BOji 


licrtzian 
lltolLo) 
Q'l JiMlrH 
to S&.OOO „ 


■B» iMaflflO 6 ?W. OrnWHXMlflou n-qou,***,® ,04300,001,1 flfliL o-ooo.fflflcm, OtBO^Oremi. tww □'! jmIh* 

'XO-OO mT I X^l >25' I I X3e0h,or i X7MK>,or 1 lolM™. 1 to 15,000.,, 

CmtAlt (iirPlijbSa)^ 0-000,0«,ODO,OQ4 cm, (XO'DOOi, ise p420). ®'TSa to 80ji 

The EHhetivo Wave-lsn^th nf * rsdisiing hedy may ha stated generally as the wave-leingth at lie avwragu bteuMty,/ftp 
dt^nwd iWMftfwM—Tlatially, photographically, Ac.— thn wavadangth at which ttio amDunt of nich ndiatlQD ie equal an MAh oida 
* JVsQtihclerV iattori run fr«il rad to Twist; vk^wt te red ii nuw pnlarrod—wsfa-length ordw. t I* sko d " thi OUietor 

tfl uaJulalioiu per HcaotiL 
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EmUslon and Absorption SpactTL—An IncamiasiSsnt aolid^ Uq^kl, er gw nrdw ^nwAin^ gtvwt wlmt m catjlod n etm- 
iMWiu jpBcitnK?i^ wbau tha li^kt It oeniLa ia puaBiJ tkfnqgb tUv prinHH the npc«trtl#L'«lpa, In otbor Wiinlit it smiut ligbi of llU 
WkTS-LongtbH betiTABD tbcf doupoit red cmd tha dwpHt Tiolfli. UeiiJcir ardtimrj pressaraa, bavorcr, 4»&ch daiDOaMrjr auiMtanoB in 

tko HMeoiu KLate whsi] (Waited, (ffiilj dodiiite wiiTti-lQiigtiu peantuu’ to itwlf, the mit i>r the npecunimi hning nujalug; 

in the apeatnitiiwpe thsea apiioer, wlieft a bum}* allt it itsad, u & periw of Moiaud hok likd brljhc cnioarod lie«, formitijf kO 
♦amiaaLoii’ or bright'line 4fp&otrum, ood tba ap|»s4nia(» of those pArticuJjtr Iidh alwit/K iuJioflrtea tho iiTeoHnoe of that elotuDoL 
On tbo Otbdf hand^ Mob alcnumt in tbo ^udgiu state i^t* aqt or ibBOfb^ finnj oontimioiioHipefltruni light travoraing ity the 
vimiiuiui- uKiw4m^hs ifun it mkt vkm tseited, mi that in the spectrcnoapBi ibo light Kmt after the ah^ttion !■ no tnngnr 
oontinoOEiM, bat broken ap bf a wmea of hair-like dark linn, tths imu^e of the iJit) when the ttlwiorbed wa-ro.lGii([Uj* m mlsdiig. 
Then dark IIdh oocupjr tha «mo poHitiuna u the bright tinea of the em'iMtoTi ijnqijtmm, aod ana (^led oAioir/krj'oe linu j thajr not 
only iDdLAte tbs pmcDoe of tbo elcnient, bqtalw tell that It ie at a Cewnr hrinpflCwcnrB than the llgbt-aoaree b ehi ttrl it^ aaabHorptton 
onl j takiw place if the ensinton of the abeorhing aabeteoco ia Een than that af the emitting eubeta^Kie behind Absorption linn ai* 
alao fonod In tbo ultra-violet and infra-totL Many dimiQnte on repmsenied hj hundredi of limiB—wmiitinm thooeanda, aa iron. 

Prmunhofbr Unna.—Tbodark Hum of thn nlar Hpeotrma are called after t^faQuhofHr, who n-diocovered them in l$l4j and 
lettered the mnat pranuoHnt onoaoH in the Table abova, whioU aleo givBi the oorTHpoudlDg element axtd waT«-le(n|tb ! Ax^ 

in tbfl ultra-viole^ wf^ added later, and the original (H']l aoid (B*) re-loctensd (E) and But u the aama Letten me 

tml for ktar Types, and u chamioal lymbols for elementa, to prevent oonfiwQD the I. AU. rw^mmauded u fbllowa, in ISSi ;_ 

Letma dcootingr Frannhofcr lines in wKtrenooilcflJ works ; aboold be printed in erdinaiy Boman umpitals^ In pannthnseeL 
„ Chranical Symbola h » n t, n lyfafaJ cafwtala 

TbsfH) PrsunhofeE tine (cslduTn)!^ must not be oonfuasd with R/i, Ry, m, Ao., linea-^ao lettered fcy Vogd—whieh dunte 
tbs ‘Balmer' sariu afhydrdgotilitiAibalatiglng to the normal hydrogen •poutrum (only four appear in the ordinary eplarspectrutmjf 
ether ‘ Borlet' of hydrogso lini™ appear oud^ diffwant oonditiona £ty is ^4340; >t 4102. hi is msgnesinm. 

Tfillurlcr or atmastphnria Uo» in the ipectram h [(AVlB), osygens and {a) water mpenr 7106)v H»tdt from absorption by tbe 
oEygoo and Water vnpouf m our atoifjopherof and have no plwwi, or only a vttrj faint plfn*,, in Hpcjrtra before they tuacb the Earth. 

BandSk groupa of raryolooB linee — one side sharp, tba 'head' — in low-tenipemtmw apKtrm indioate a iiwf«tt/rir iptn^nm^ La.^ 
one prudiiL^ by moteouleo, stoma of two slemente chemically combined.; ths ordinary npaotruin ii that of the uonnal or neutral 
atem (pee below), A JlKtad spectrum is one that has rtKiirring groups of lints or narrow band s, giving it a fluted appcBran% 
Flame, Are, And Spark SpeutrA^The Imes prodticod by otemiitat are not the oam# undar all dfcumstanusa^ being 
ohaxLgeil or mediied nndcr diffsimtit oouditioas of temjwsrsuirs, pTfesanro, especially the romior. The Aimmodi or low- 

tompcratUM ^rtctruni given in a Bunaan humor {Bmnn ADOtTG-) baa cmnparatiTcly few Hues, and dlffea in soma respect# from 
that of tbe Arc apectruiD obtained in the alDctrio arc at a tempcmtuni nf eome 0.^ in which new linns may appsAT. Tba 
Sport spocirmn, agaiUr prednccd by high taqaion discbargvA W dltforent duunoteriacliw from that of tbs aru one, eoms ' kvw- 
taropflrature' Unssi that have Iwea fmiiug as the tempentere rone, dwspjtoapitig altx^gother, while othEx lines are (p. 

tha t is, have grown mom mteLse. Bpectra can be etodisd np te temporattiiras of somo S^ijODO'C.^ by etec^oaUy-niplndod wir^ 


Doppler EITeetr or the dltplacetariit of the Iraes as the molt of methm of the hf^bt-witma in tbs Una of dght^ is of great 
Importance^ SB it ohsblsa mdiid velocittes and rotation periude to be found, and epcctmacapio binaries to he duscevered. If a 
lource of light U appri>aching the obaerver, any Ikioa Hwo in Its spoctrum will not ba in thmr -ngrrqal poiiitiona, but Bcnu dlstands 
nearar thn Tioletend of theepeotrum, or if the lighi-eoimra is moodingt nnajEr the red end of the spectrum. As tho dispIaoemBut is 
inoportional te the velocity, the radial vnlooity can. ba cslculatod by idendl^tg a iwrieeof lines and niASSuriitg tbs amount of shift 
In the cam of a binary star, each star pmdqnes its own mt of lines; vhe& both atu# are In tho lino of eighty the two sots 
are enper-lmpDOod and appcflf ju a lingkast^ then being no orhitel radial towsMs ua, sb their motimu ore at right arjglw to 

tho line nf sight, But when the stan epua oat again, one sbsr is muvitig toward:^ and the nthpr away from ua, ao that the two 
sets of linm enporate in oppomte dirDotlons, and luvosJ the duplialty, and tbs impootive orbital rsdiat speeds j the Ama principle 
aprplios to theopiKwitelimbsof thoSuiuofa mtaciog pila&et, or of a otar (p, a]J^oqfl of which temovlDg towards, tho other from ns, 
intentellsr Liuos.—ikiRietimaB In Novb,. and in and B-typfe binaHm^ wbiqb am vory disteal;, a third set of practically 
BtalijDniify UnsB of csJdiiiit and sodium a^^wan, Thnoe lines are now known to rwolt ^om the jjmtfsuoe of interetellvr matter^ 
niufonsly dHtrihuted, in general, through oui System, and which rotatee praoticaJly with the GsJaiy : in fftam oeamr than say 1000 
pamaca, it does not mvoal its prceonca, hooause their tight does not travetwes aaMoiDnt Isngth of tho abearblng medium to prodnes 
a parwptible effect. The mors distant the star, the strouger the Cmea, which property can be nssd te ffnd thestar!i dMaUdn fpgl4). 

Teaniaji EIFbgL—IT s magnolia fidd is pHMCnt, linse ocrmaily Eingls may qilit np into two or more lines—Iram which the 
polarity of mmspots, and tho position of the Sun^s magnetic! sjds ara fonnd. 

Etark Effecth-—The npHtting up of linos by an oleotrio field ; those of hellam aod hydrc>gon ani grBatly aflactod^ tbose of 
thn meUls hat Uttle; thus it can be distlDgaiiduBd from the l&eonisa effeoh Tha baidcr the hicllimi and bydmgHo lines,, the 
■trougDT is the eleotiic flnld, and the more promiDfOnt tbo forbkldao, lliHsa i also the densor tbs stsUu atmosphare must to 
give the eledtdci Onld roquired to allow tbs forbidden Hues to ho {tfoduced in qiisntity. (Bee also Stellar BotatioD, p, 31). 


Tho Atom end Lta Prnpertlea—The varied stelliu- spoctra, and most of the aboTe ^eSbqtsV are due to iDteraa] changse in 
the Atemaof tbs elntnante in the stellar atlmisphsAu, Ondsr diflerant temperature and preeHureoOTjditieDI ^ the fallowing itiain facte 
Omlatllo tlie varioas phenomena, on the Rutberford-Behr thorny^ which erplaitw them well, though not cmcnpletely. 

The atoms ofaa element are the amaJleat paHielee dietiDgut^bte by cbemioal moaiLS; thoee of each element diifbr io weight 
and properties, but all ore built ap of the sanm fuwiameriCAte^prctenta vfMtecfM, and energy. Each pmten {is. hydrogen niuEtnia, 
see p.34) has adODsUnt positive charge of electriaity; aud each liutrou (mass only l^lbiTth thoitof the nad(Kw), au equal tie^tive 
In the normal atom, thtiM dbargai balsnoo, and thsm bsiiig no slDctrin ffdd, in tbia eoraditioD it is ■w.n*rt a iisiitnii o£om. 


SJ^ECTROSCOPT. 


U 

Tbi Str’ucttire th? AtouL—Atomi btb piatwred Rd miniArture iuis-ium!- planet tbentoro Qfe&ch claimeDt being 

■nppodod to AHiBiHt of a. itncliicEB {Htnonalj anull, evett -a^^tu^iUKd witb. tbs ktotn, and inuifoaiupoiied {i-f pmtonR and neutronm 
»» iHlaw], pewitiTa^j abarg^d, Rivd aiimiuuded by uue qt mnn 'mIidUb ' (orfaitB) of olnotmiu t uob. nltstroQ curiM a i4n|l« 
Q^gatirn Ejectrie char^jat ouob orbit only uob n]aotrDEn 

In it* noraml (uon-ioaiBoiJ) ahata, im atom in not ohurged with nlectrloity, bence ilia innalw of unit poeitiYa abargen (prolnna) 
in iti Duclatai \m equal Id ttw namtw of daotiwa which Muminbd It; tbi* numlLter ia oaUod the ttfowii'e humApt (diffarwit fram 
Uu tKomib cr nuw of tbe tiJement];, and datanuinM iti chesoioal pruportiM. Eloment* rauge in atomic untaber from 

1 (bydmgaru tli» iiimpleflt, with ocvn aEaetfon) (o 03 {uranium, with BE clDobrona eDWlYlng round the nuc!«iui). 

The K-riQ|f, elcctiTHi-orbritB ans spaced in grUnpa^ eoGh mBinber of which iuis about tbs lams onfU^ Uid diiSietCf, 

bat may dilfnr in aocMilrtdty Tbosn gmupa ora known as Ratfft —usTuiJtjt more appn;ipnatnJy^ os tAeffi, bofSiUBa the mouiben 
of each group pnunmably moYB in diflarBut pUnoii^ thoir diMnetera being about iba WkUMr 

Thn group THSMest iba micloiw conuit* of two orbiEi of equal noer^' luiowb U tha A'^-rirt^, which Ivm iIm lowost euargy of 
all thoHngo ; nairt ootoen the Z-etUjjP, with dght wbito ; tb^n the with 16 orbiUi and so nn j the outer ring of im akmHn.tfa 

dootroni) Bwy coututi only one oladtrofi. The checalMl and spectrowsopit qtumtlti™ of an eloment ora largaly detenniried by tbs 
nnmber of oiaotrane lu its outdrmnrst layer ; tbsse ara dso tbo amt sa^y ‘ eacitod ‘ or ' ianiBcd'' (hnockid of, aeo lietow]. 

CoUislaim—Tbs fttaou of a gaa^ under tbs actlDnof the baat wbicb it eantains, ninb about at Tory bigb Speeds—14> whioh gu 
pmsore is das-^aud are inoweautly oolliding; tbo bJgber tbs abeoluta teisperatim (pv ^1}« the greater tbmrapoad, and LliO more 
iriclunr tlio cotliaion*. Id a raredod gu—i.*., one at a T«y low prowuro—tbo jeumey without any polliaion, or/rtf of iba 
atom [a brigt the diafisnue botwcHu iLa atninji bciag nlatiYely great ^ coUMonji are ihcitifoiw lass Eluent tlun in a dotm gaa. 

Molecules.^At end] aorytarrsHtriaE tcn3p(!raliiroH,im^li!adiOnDtoiiFtaaaing]satDnubut Be.ine^«Ttif«t,OOmpO«edofa [tairforniorB) 
of atoma iQ conibinati[Hi,ajtber of the mtoeor a dii^rtutclenient j. when tbe tempmaturs risas sufficientlj, bowOTOr, molecules am 
resolved into ai ng!e atoms —Inw «iHt syeo at the lowiaat stellar tamperatnroa, The speed of tbs maleoukiM oompos- 
ing a gss la proportioryd to thenquare tonla of:—thadr molwular’wwght, nireraeiy^ the ab«>lute mupamturn, dirMtly; the 

Ughtor the gAa, and ths bigher the tcmpomtuiti, tbo greater Uie YoJool'^ of the xnolooulM—uch ipia liaviog tta own Tnlodty for a 
given twipBratticB. lAft to thsms^YDB, ths mointiulfts wvnJd disupata into apaoe^ but ou aaulScientiy moraive body, the gravita- 
tional force rataiun thsos with a foroa depending on tbn body’s niaaa and ndins—an important factor in plauotary atmospberea. 

fhi Ydociiffo/Eiwpt ia the vetcKsity at which a planst's nue* c«aai» to beablo to retain a gas (p 311}, Hydrogen, the Eigbtsst 
■Jsinnot, is lost fimt| then helium, water vapour, oxygen, nitrogoo; carbonk arid tant, ioit at velcoitinB no gmatcr than a quarter 
of the velocity cf GBcaps, gaasB dissipaLc into apaoo rivtbei' mpidly, For the vclocitina of Atcapo, tne p, Vila 

QtiatLllu—The oper^ componeut of an (' mcitDd/ ses b^ow) atom is stared Up in (pnpulariy) 'enfrgy-aliiniai^ which cannot 
be Bub^divided. Each of tbene ia known aa a ^uanabun (pluml, quanta|k, and repreaents energy equivalent to that of radiMioCi of 
aomc particiilar wave-kagth. quanta of long wavn'Sength having small, tboas of abort wave-lsngth groat, etnsrgy. (iSftert and ionff 
wavB-Iflngth, EX gcnnnd tormi^ donuta thcM at and beycfld the blue and red ends of the apectroin, TwpuctiVEly ). 

Tbflfo am quanta ourmopanding tnall waTu-loDgtlut *«tii clMnoat having iti own portiailaf quanta of ouergy, enmapending 
to them wave-leugtha of mdiatiaii which its atoms emit or absorb under diderout ooudMoDB: only quanta with noorly thct*o wavs' 
intigth* can edbet' trmiuiLdona' in that Idnd of atom, bat tboso of ahorter wavo-loogth may ' iunisa ’ the atom—Imock oS" cce 
nr morB of iti sliftcifcons (s» below). Tlio amount of abort wave-length eneigy in a gaa depends on its abaotuta tDinpenibura; thu^ 
a4 bigh temperstuna, short wavs-longth quanta are more plentifuJ tbut long oaea To sum up; in a fitsHKr atmupbere ^— 
TEmparatorc is an Lodm of {a} tlm numbsr of atnmk ttiUlitiouB per aeeoTkd, for a given pmssuro r {t) iho speed 
of tbe atoiDB; {o) the violsnoo of tbo ooHisinua; (d> iho proportion of short waYe>loDgUi energy, 

Preeaure qnij afierta the i^Bqiienoy of the eaQuiona, by mcioBemg or decreAsing the diatanca betwfwn the atoma 
THtMltluna.—When all the elwtroui of a neutral atom are revolving in the orbits DDareet tbs nucleua, the aXom is saM to 
be b Eta of ypirt(m5f{ normal} stator But (a) by a auffiriently violent oalliaionVrith on elnatioD or anoLher acom, or (6) by 

cnenunter with, and aiitioiptauD of, a quantum of aonrgy of wave-length the eame m one of its own fundatocntal quanta, an 
atom may undergo rnnuilum, being ‘ rained' of liAed to a ' bights lovnl'—iLf., of fineigy, and ftom that, it may be, to still higher 
aed liLgher kveLs, the deqtron being foroad out into an orbit of lergsr diameter, in accordance with certua laws, Fortiidiim 
ifiifuMoiiM are tbcee fcrhiddeft by these Uw», tbeugb tboy may occur in eertain TLnUaiial sequenros or atept 

Excli^tloD.—At evsy tranaiticn cf an elsctron to a larger orhit^ aquAntnm of dshDito wave-leiigth la abeorlwd by tbe atoia, 
which IB then, said to be oxriired!: It thue bewmee a groator and grnamr ro&ervoir of energy as the cLinimicQ incroa^ i wbatever 
the aniennt of ucitatiaii, however, it atlll rotnaio* a ‘ neutral ’ atom. 

If left qndistnrbed^ an aioited atom "Mis' back to ito lowest nergy alato to a baiuit«d>milLjoDtib of a second, emitting 
in tbs process aa many quanta of the same wavc-EDOgths as it baj^ absorbed; the pnxTOtw may ba iCtoiupUahsd in stages, 
Oertaiii imoalticni, hewoTer, arO wfoimbfs^that la, if Iril to thomaslrBa, nxoltod atoms to that state may ccDtinus to it 
fbf huTvdroihi of thouasiads of timua Icoger than ordinary oxentod atoms aro able to dn, aomotimes aven for anwoda. 

iDulsatiOEL—^An electron of a mmlm] atom may not only be nused to s larger orbiq but may alao be completely knocked 
ofl^ and left to travsl on ita own aocount; the atom u tbea toauud^ and la no Inagcr otiulral, but poeitiYely charg^, tbn negative 
elitotron beiuf lost. loniaation may ba caused by a lufficieutly viuleot coUisicii; (frj by encuonUH’ with a queotvim of short 
wave-loDgth, with more than aufficient snergy to lift an dectroq to tbe outormoet InvoL loiiLmd atoms Dmy also be nxoited. 

AtooiB may bo aliigly, douiiEy, trebly, Ac., ionis^. The nentral atom la indicated by ths ehnmical symbol cf the nlemimt 
with ths Itomaa nutaDml I affixed, aa fJi*, neutmJ oxyfMi; (or singly and doubly Ionised, Jl, ID, are added, and bo on, oa ^n, <?i:it. 
jLa cEdsr sjitom affixsd a sroiill t fcr Ylhgls Lncjiailnni fcr dcttbla aoil sc en, EestMd of Kchmon Dumenli, is C'V-, 0'^'^ I 
■tnt futijier back, ths stoma CMuing soboocod Lloes won knewn si proUxalclam, prolcma^ciivin, 

Atoma vjuy in the aoiount of energy required to nxelte ood icoiae thion, and the amount of enorgy donated by 1 (eleotron-) 
VcLtt is token u tbs unit of EiiB&Buremsnt, The eumbuf of (eliKtron-} volta required to excite, or to icnwe, the atom cf nacb 
elemont^ ia called Ito and iofota^m Poimtiaii^ the latter, of cciun^ bcuig grtabor thaci tire former (ace Tablo^ p. ict^ 

* larjB eapitaia an sJia w«l, tint th» ■cniU opipEuls an mush alsanr. +&Niww]ut dlffmat wesoLcf frem tbs crdlnarj vcHl 


SPECTfia^COtT, 


E& 

The H&Sj of the AtoiHr or c<»Diiiqbi ftlmctt cDtiraly of iltQ iriiM!9 <^f Lho analirtf, And that of 

hfdrogflD BEotti (fef firoot. luiityi 1of tb* uiuiiun Atom jithit MtAOfJArd in oiy^on, 3 GotHamlljr^ lint not aIwajh, 
th? vdjillt of tbo Atom thurpeaaM A* ttit Atomta nombej-r BaTonJ oljEmootBi klaj' uiat hATing bdonldt:^ Atomic DtimbwA, I'loe 
dsflmuu La masn (Atondo wciglac). Suob oEtiineutiii wbicb ire ebemic»ny idonticAl^ Are CAUatl mit^>p^v. Thnii, ro ortiinarj 
common- eAlti the cblarTtra (AtomJe lifimixirr L7J eohninti of A mliture of two inoto^iee of thkaam (or AtocnEe 35 And 37, 

wbile lijdjtigciL M tioriDAllj fmmd DontitinA ttwtee of ui ieoto];i« of mA« S (deuterium or fiOATy bydrotjeh, symbol !>). 

UltyijL^TbD bMrioAt elHmente end their uotopen, Atkd Bdme Crf (be of tho lighter domroto, An t^llAt U 

to A/p tbeir noatHl bi^oAk up A|MiiitAi]eumi Ji into other oudm and partitlm^ iOtnO nf which (elEJctranH or ^ rajHp holllim nlidm or 
m. tAja) DiAy be ejected at very blgfa B|>eed0—-wboo rutntf and meet penetrAting, being Icnown aii Aarti rxjn; vlien Biownr, Mift myA. 
They aleo giv* Wit otBcfcpiHniAgnrtlo ndlAtiotihp atled: if rayAp which rewiiibS# X-rtyiif but Apoof htrdor (iLip ihorter) wAve-leugtb. 

Whoa An a nty (A rApidly-moving heUum mioleiu} Mtnkee another unclfmA it lUAy oitMe it (o hroiik up mto lighter iMiclei 
In thwK ahaDgeeip imchAr^^ oucled of mane 1 (ncwhienu), Atvd pArticln of etlreindy inuill miusB (itraJ-riTmilt, An ADtnetimoe cmittoii 
They nn be datocted only when moving At high npeediip And being eOiAt] Add unchArged hAVe greet penetnling power^ 

CDAmic rAdiatioflip Arriviiig ftom unknown Anaroea in apooep my nonjiiirt eiEhor of Very high apeed "oithode' or p reyi (mncing 
electnini) OP of olBctro-iimgaeiic rAdiatiOD of even ahcKrter WAvehlength thAn y rAyt Thie radiation^ AtTEkiog AtomM, piAy give riae 
ta TApidly-mcrtfini jMfitmia, limiLAr to electroiu but carrying a paaitiTs ioatead of a negatiTo diAp|)e of dcctrioitj. 

The Mlnwing Table abowB the relAtionefalp of Momo of the lighter chergod pArticlaa and AtomB (the miAiiA rUiea with the epeed^ 
EtijcT«uing encirmcmjkLy ae the speed approachoi that of light)^ The third coinma gieoA an idn of the bulk of the |)«nielii—fur 
the tocw the Atom ii lonimd (p.a4)^ tho len ii Its bnUc, eepedally when completely ioulAciL 

1 
a 
a 

&flt* of Unei.—Each state of th* Atom giw* riN to a diflEopenl ** of linn in the epeotram, theneutrmJ Atom caneing one set, 
eadtod Atome other ecte^ and vartOUJlly-ioiiiABd atoms othere ttlUp prftsau™ bJbo AObcia the Appearance of the lines. And in Atellar 
Atmoepheree of Aimilar oompdeltionp for a gi-ron tomperatufe and preMure there ia always definits praportiDn of atoma in each atate. 

The strength ef a ISm te |ipopQrtiociAl to the mimW of Atoms producipB it; strong lines indicata plentiihl Atom* in that 
eendition, faint lines relative scAnhty. Btroug bnea naiiAlly have ia, ahading on both sides of the fViA, nr line itself. 

ContailTfi of Unea—The degp* of blacktiOBAat any part of tbssbaiiiag of a winged line, with ttifensoi* to the biokgrwind. 
Is known u the fff the line at that polnl^eo wUwd bacauw the ensrgyninrve oUained by plotting the vsnoos interwnllea 

Aoccrdlug to wave-length and blacknem, is annlogmia to the pfradlMit-curte -obtained from the ccotour tiiHis cm a map. 

Enh^need Lines, in a spoctriim, era due to the normal atoms beooming ionised. I<w1ng one or mcKm dectrooi as the onm- 
bleed nault af higher urnpeisttm and alcsred preasiue (SaM each clement hes its own ioDisaticm oondittotia, tboi the 

presaooa (or non-presOHOo) of aurtain Un^ in sttllar AX*wtfm sflerds* cine to the phyweal canditloiai in the atars' atmoapheres, 

Fofblddetl Llaes a™ pioduood by poeslbl^ but very unlikely, ‘tranalllans' (see page S4J in the atonip whiob aannot 
diieotly retura to the grwjnd atat^ but only tbrongb other trMsitiuQi j an eJoctrio field, however, can™ls ths nnllketioHMe, and 
with a fliiSd of siiffleient strength the Hue* becoms vurible. Tiia appearaoDe of ferbiddra tintw in a aUr'i atmoapbore Endimte* 
that it is dense, the alectrie ftdd being d tie to the dose lomsed atoma Ktd free eleetwoB, bqt in a nebula they bcoome possibln u 
the resnlt of the s^treme tenalty—wirae I/itoft millionth of ae ntmuwipberB—^ *WMdt^ (C*t, net top strong^ radjatlon of 
Tuny high enot^y, awii as the shert WATfl-iength radiation from O aud B stara, 

Dltl mats yadS,—Thojw fandamontal li nw of an elenumt that alone porn iflt under gWAt rarcfaetioo, Wboo about the rcgicm 
oftiis ipectrum whldh oaunnt oidinarily bo olDStlTflidp those that can 1 b obeMVwt ure known as Aalwo Kf^Hset 

Intarpretatlon uf Spectra. — At very low prwiiupwiT as in the Oi*nt stars (p, SOX “ given temperature the wnve-l-ength 
energy available is tho same, aud theviotaoce of oollision the aame, ai in deuse staiw ^ eicited and km Land atums uvi alao prraeDt 
ua both But when an At^m li kmbed, tbedistaDoce apart iu A fafrfied gM. being great, there IB Eww clianoe of iu nwapturing au 
eleotrsa, *o that (be proportion of ioulsed Atomi is greater, sad that of the noutral atoma lees j the Dlant star will, thorafora, 
hav* stronger iontwd-atoiii licee and weaker neutral-atrmi lieea, than thoee In the spectninj of a dense star of about the wae 
tempeniture } its lines wiU also be uarmw And sharp—the 'o' nharacteriatia (p, l»). In dflD« atAra, cm tbe Other band, di*t*no« 
apart being small, lonEMd ttJU^iraa KH.m racaptuTt au thus the neutral-*tom linea at* aferoeg, the ionised-atom linea faint. 

At the low tomporntufo of the foniace spoctrum, tbi lioftt of the eicited atnma a» taioE (being chirfly those of the mom. 
easily eacitod. olemeutsX while tbosoof the uormal (lowoet HuofgyHitatol At/im* are strung, the jn'opoftiou of lbs lattisratcim* being 
thfl pwatest. With rising tampemtUMs, owing lo the mem violent colliBione and the greater supply of abort wATe-tength (loanta, the 
unitod-Atein liou grow itranieer, owing to the ovor-lnareasingquanthy of atoms in that coiadhinii, and at lost, st the arc spectftim 
tompuratiaire, iooi*^ linea of the saaily-loniBodi element* also begi n to appear—eome even appear in the (umacs speotrum. 

At a lacer etago, the neutral-atom lin« diaappoar, tboseof the eeaiij’iniiised atanis first, the mere rofructory later. Thus the 
spark (lowiif-teroperatuTB) spectrum hs* faint neutral linoe nod etfung enhaniwd rtr Ionised biusa, li«ostiaetonSBBd atoms howpicpon- 
dfirata % faint linea of the atoms most eastly donhly-ioniiicd will, alao bcfpu to at>pw m the iDwor-tEiuperntura spark spoctrom. 

At atiU blgW tampemturea, tho lonlwd liiiH also disapiiear, being grAdually rFfElacad hj the lio^ of dpubly and trebly 
ioulned atftma, And finally, at thfl higbsst obtainable spark temperatura, and th* still higher tempwatnra of the 0 utars, hnnHy 
any lines aro left in the vialhle ■pectnun oiDept thoao ef hydrogan and ionissd helium—tbs Uttpr of which hss a very liigh ion- 
tsation potential. LIt™ of othor rlemeDta, howsvar, eiist, 'Imt mostly in ‘Iraocesiahla' (nnobeervabls) pnaitioUs hi tha oltra-Tintet. 

Plauetary and Gaseoua Nsbdn^ on the Olher haneh 1° which ths distance* between the atoms is snornKma, do iiot shine 
by their own light, hot by absorption Aud re-amiwion of short wave-length rAdiatlon. of 0 and. B stars within thorn j they non tain 
atom* which are doubly Aod singly ioniaod. 
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“ V. THE SUN, MOON, AND PLANETS. 

The Sun. u u objsot for ■mill toloaoopai. il of Itttlo interwt onliiM >iiii«Fiita tn Tuiblo: ipeeiil pnomMou 
r«4|air«il ia oWrvbg it ho n*t t* lajuTfl tbo ^yanigbt {see p. 40). 

TIi* disc oi tbD San ’rSaibla da ardinajy oecaaioaSj knows « tbo phoiofpherti praianto a griaulw df ^ricergfun 
appearjincs in largo toletcopw Etan in * amnU initnJmant of 3 af 3 mcIiM apartsm, the jmrffcM will obow « mottled 
oppe^trAnoe, when the air ia atfladr and de£niLtaa good ; but this mottling m of * cdfcraer tMture than tbit delicate 
granubr appoftranoe won snder higher pow*™ with large iaatrttfflenU, Z™/*, i.e., irregalar, more or leu Htrankj 
patchea, Boinewliai brighter than the avermgfl aurface^ may generatly ho Ken. They a«s eleeatloin above the general 
level of the phetoaphere, mari eaiit on every part of the dii% but are noit nDmermu in the neighbonrliood of mn- 
ipota They are best teen near the Limb or edge of the dim, ainice the photoiphera in thia region u perceptiblj darker 
than at the oantrti of the dim. having unlj ionie 3 J per cent of tbe brillianeyi acoording to Bokerisg. Thia ii due to the 
absorption by the Siibi atmoiphe™ of tha Ught eOming from witbim whioh ha« to travene a rottch greater depth of 
attnoi^phere at the limb^ before reachlBg the Earthy than that etoming from the centre; it therefore appeam darker to 
contracted with the laeuLie, which have not loot h much light owing to their greater elevatioiL The tUrkening ia 
apeciallj nodeBable in aolar phctograpbH^ 

Tbe Sim^s Rqtfttlon may he treceil by th« daily motion of the apotti acnwe the diie from eaut lo west, the -ayoodio' 
apparent roUtioD period, as aeen from the Earth, averaging 27 J dayit apota may riine be viribln for aboot a fortnight 
at a time. The aidereal or trno rotation period Im aboot day* near the Equator, and 27 day* at 35* j the lynodio 
rotation period, at these laiitudeii, varie* in about the aame proportion. Tho mean aidere&l rotation period at present 
need in the ZTd. and l.J. ii 25 ^5 daya (27'3r53d. synodic), but a iJB-2-day eidereal period, 37-1 iyiiodio. ie perbc]^ 
nearer tha true value, being that favoured in the cecairence of asmiipots^ faculE, flocoiili* promipcnoBS, and magnetic 
vtomis. The flunks a^ia of rotation ii Inolincd 7J" from the vortical to the EoUptio plane (see p.40J. 

CafTingtoa'a Seiiea of Rot*timis(S5tae dAy),niMd for sfiatiiitjea, has as two meridian the Sun'i prime meridian that paiwd 
through the aawjjdiiig mjile at Oh., OhC7.T,^ Jan. 1, 1&64 ; No.t lic^ii ifov. 1&63 ; iint, 1939, [l7lL4.6mJ. 

Sllttspots vary In tiie from -maU -porei/ a« the imailHst are termed, to groops »targe as to be vitihlo to ibo naked 
eye^ on oecasioiL A vunspot proienti the aprearanee of a dark irregular ipot, or Mfufrra, iurrounded by a lees dark 
portion, or/wrtufflu&ro ; the umfrm, however, ia only apparently dark by compariBon with ita sorraundiags, being aulually 
brightor than the etectrie are, though its darkest portion^ the nuefstu, hna only about 1 par cent of the brightneai of 
the averegfl ^tirfaMi vary black, round spots, known aa are often lera in the umbra. Bridga, from the 

photosphere^ often inteniely brisbt, may frequently be wen gradually oaeroaehing an and dividing up the penumbra 
and umbra; in large spots, tbwe can easily be men with a 3-iniih tel wcope, or oven leea. Tim sire of apola Tariea from 
abouE 500 milea to Bomo 80,000 milei im diameter. Tho*# over 15,000 mile, are SpetM, visible without a 

telertcope, when the Sun'* hrightneei is suMoiontlj reduced by cloud, miiti dark glau. The diaineier of the spot, 
inoluding the penumbra, may uiually be roughly reckoned a* being three times the diameter of the umbra. 

The umbra ie usually some 3000 to 6000 miles lower tban the gmmnl surface, which results in the Wilson 
the apparent displacement of tho umbra as a spot approaches the limb. On rare oeoasions, when of unusual sbe and 
depth, a spot is visible as a anmll notch on tho Son"* edge when just coming into or going Out of view. 

Snnepoti are never seen at the Sun'* poles, and rarely witkin a* of rim oqualor. They occur mainly in two 
tones between 10* and 30* of N. and S. solar latitude. Spot, in 45'.50' are rare, and no spot has yot been recorded 
beyond 60*. Sunspoto have magnetic flelds, ami the polarity, + or -, of the 'preceding' or foremost jrpoU of a group 
is eppoaito ia the If. and S. hemUphe res—which hemhipheiiei may diflhr very oonsyerebly Ln their spottodneas. 

Tll0 Sanapot Period.—The spottodneM waies and wanes, * maximum being reached about ovm^ 11 1 to IMB 
yeare, on the averegei bat thers is no deftnite pfiridsd, ijitorrats between masiina having varied from to 16| years j 
the apparent 11-vear cycle, however, is really a half^clo, for the spotpolaritf changes after every minimuio. 

The rise to maiimam is uiually mor# rapid than the fall, Uking about 4* years ; minimum spottodnwi la reached 
about 61 yoari later, when no spot may bo vioibk for weeks. Large spots may appear at any part of the cycle. 

Spoarer's Law state* that the two apot-rone* limultanBOMly movo slowly from high N. and 3. latitudes towards 
tho eq^tor. bearing mininmm—the end of each half^jyolo-tbe spotionci are near tho equator- the new half, 
cycle begiiis when spot* of opposite polarity break out in high latitudes, some time hofnre the ectnal minimum is 
™bed, and two or three years eUp» before old sons spots ftoally disappear. Th* now ipol^Eonw gradually decroare 
in latitmle, dll, at tho nud of clsvco ypa«. they, in their turn, arrive near the equator; high-latituds spot* of opporito 
polarity then appear, heralding the beginning of tha «ccnd half of the cycle. 

Tbs variarion of latitude is shewn in a striking mauner by plotting the apots of a cycle actovding to date and 
latituila, From its shape, this is known a* a Battfrjty iKd^naei. 

flpeb Bdrt «, St* eiatr* «f «anw, Stmtlf Imwliwtowri wtsii a*a^ tto itoik 
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SUQSpotS Will Magnetic Storms.—Tt* ciirv»of iqnipoi Mtivitfi of t«T«lriftl in«gn«tic ■tnqrm^ ftnd (on 
the wbola) oi fctirop*^ oloifllj indiwtmg m>idq intimiie 4!MaAOciiioii not yet vbolly evplain^d, A Inrge ipoi 

ti*m< tJiA osatra of the dUa oftan oomoidiei with it^ mogiititio atorm^ but nut and on tto othor fanad tbo fOtunii 

of n »rtnin mtet. to tbo oentre of the diu aoiuotime* n magnotic aborm, Lbou^li no ipot is Tvaibte. 

WolTa Sunspot Numbers ths relativo *Buiiapot utility' for «nj y«tr, bawd on the attniber both of 
imd of mdiTidohl apota—tlio iiM of telBwopo mod, and theobwrrflr, beiDg taken bilo ucoont. The number* vary 
from 0 to aboot 150 mi the higbeat maiiiiiiumj nod they bsqn calciilated buk to 16L0 (tiee MecooLn R.A.S., *obl3). 
A BUiiiipot number of 100 i* a^iiuvnEeDt to a ■aiupot area of nbout 1/oDOth of the riBible dive. 

PPOfnlneiiCCS^f glowing red gu which rbo nil rtrtJad the Snn"! 'UmV or edge 

Iram tbo c,4m!noi^»4«rv, « bright HOBrlet, hreguliir ring of lights ^me 5*' to lO** in depth at difibrant time*, wen only 
during total ecUpHB, or by muni of a ipectroaoo|H attodhed to bha taleaeope (eeep.40). Ths mwrjnny faypr il 
n thin atratnni of gu vhiob if reffpomiblB for tha dark tinei in the eoUr ipwtnmij abaorbing certun portion* of the 
bright light from the Layer* baoanth, and ravening them into dark linat In aolar eeUpw, jnat before the Sun dii- 
nppein, it ihowi the tiw** bright iaeteiid ol dark—a phanomanon known as ^»Jtash epaelmni. 

are long dork prqxninoiicaa aeon in projection on the Snn'i diae. Jfof{on;/bt<f)»a are apparent flLamante 
OTur 1 ■uc'ipot, but in reality only diitorticn* of the hydregaa (C) line caueed by high radial motion. 

FIiKCUIIt eee*! photographed by tbs epoetro-heUograph, in one particular wavi^length of light (uiually that 
of ealcittTn, aumatbuH hydrogen), or* amall Irreguiiir oloudi of either of tbeu element*, wbioh are awn oil over the 
disc, and ahaw the dutribatiou of the element ow it. Tliore are both bright and dark dooauil; the latter may taka 
the form of long dark wispa The Jfofor J^amou, or JPhtftntjAsfiqmT, ii an oa jet unexplained blurring or 

(imiiiiisB ol the iokr granulation i it is not known whatbar it ta ol solar or terrestial origin. Eweau' also means 
the network of aquoree ruled on cslntial photograph# far meoauring purpoen). 

Tlie Corona, oLio seen only during total ecllpseo, i* * myatarioui, irregalor, pearly ring of light anrrounding the 
Bun. It i# never qaito the aauie, oitiar in ahape or extant in auceeoaire eclipan, and app!>ara tp be partly goseouB, and 
partly meteoric, for it abinea i»rtly by reflected aunllglit. It variea with the 11-year period of the Sum'# activity, 
being more or lew regularly distributed round the Sun *t sun-apot moiimuin, while at onn-spot minimim theru are 
targe atreamen, savemi dsgrew long, near the Biin‘a aq Qatar, with tufte or plninaa of light near hia poles. Its bright' 
neaa varieo, being at tini» aacomfortabEy bright, nearest the Sna, without a dark glou, espwially when the Sun's oad 
Bfoon’s diametoM ste nearly the aanm, hot on the average aaemi rather leas bright than tha Full Sloan. Tbn Corona 
■pectruTfi has a ohaneteriitk grssn line (A.^304) dua to oxygen, onoa oaisribod to an unknown element ‘eoroniuro 

Belly's Beads aw aDmetimes own for an initant before totality—a breaking-up of tba thin diaappoaring cresoent 
of the Bun into a larias of bright moving pointi, like a atring of shilling baada* Than, u totality begins, the prom' 
inancBH and corona appear until the Sun bogina to emerge ogtno j ■omatlMaa, however, they appear jmit before totality. 

Shodmo BftniU anothar uilpta phenomanon, are alternate light and dark bands, a law inches broad and 

1 to 3 feet apart, that appear on white surfowa for an initant as totality bogina: probably due to irregular refraction. 

The Sun's Magn«tle Poles ore ^bout 6' away (but perhaps this varies) from bla rotation poles j they route 
in 31-39 dayi (Sid, 71 l), and were on the Son's aeotwl meridian on 5fitb June 1914. 

The Sun's TemperatarB. that of a dwarf QO itw. ia about flOOO'IL (10,000'F.) near the surface. The Solar 
Cciutton^, the amount of heat Twjftived by the Earth (on entering the atmewphere) from the varfcioal Bun, i* 1 93 gram- 
cftloriw par minute on eoph tqiiare centimetre; varlatioms of one to five per cant aacm to occur from day to day. The 
Umperiture of aumpots ia about *@00*K-^1000*0 (ISWr P.> leas than that of the general surface, 

Solar Motion*—The Aptx, or Apw of ih* Siwi'i iToy, ii the point on the star sphara towards which the 

Squ ii travelling with a velocity believed to be about ISA kllometras {13-1 milai) per second. The poaitiorn of the 
Apex i* oAcerUinod Irom study of proper motionji, or radial veined tiw, hut determinations differ, often by many degrees, 
different sets oE stars giving Yarying results, tn the miun, howavur, there La ogreament os to the ganDraJ dirnctipcm of 
the Apex bring in HsKailes or Lyra, about TkA., 13 hm., Dec. Si'K, (or, oe nsuany stated in degrwn, KA., 370*, 
Dee. 34* SI,). The Solar AntapaA is the point diarostrioilly opposite on the star spbere, BLA, 6 hri,. Det 34'B. 

Menn Daily Spotted Area of the Sun iu milliontha of thevisibla homlspbiua fpiujectsd ana, otnrBctcd for rorvAbortenlng), 
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THE MOON 

Notea.—Tba Moon it tho moat intcrKtm^ of all tJie TjoaTonljr bodiaB for ■ (mall t-f^loftropa. Tn an opfir*. 
gtua tba dark partioni Timbla tio the- Daked aro aro to ba tba iinooLbor |rortiaii 4 of th* Moon’s aurfaro ^ tba 
luftinder of tho auffaoo is m muA of oi^tor? oE o vary alieo, ffom somo of vhJoii brilljaiit »hit* atftaks rmdiato for a ^n&at 
diaUnoB. Tba most striking vl«wi am obtainabto wbon it is about its firati of tojit i|uitrter, wben the Itmor 
mountains near the tormifld.6or (or bouodarj botireen th* bright and dark portioiis)^ oaat long dark shadowa whieb 
givft a Ena eibot of owitrut with the bright iDudit parte. At the time of fu)] Moon thii cnntraat La lost, though tho 
■jttema of rd^s or bright straaka ar* than most in cvidoncn^ and on intorosting field of isiady ii Uie total, or neoriy 
total, diaappearaQoa of promlnciit objaats Moginuij^for :Sdr fi days bnfofo and aftor ‘foll,^ whll* otban (notehly 
the qratoro, properly 00 nlled, see p. 30) can still be located by reason of their being brighbar than tfaoir ■urroundinga 
This diaappcaranoH a very notioeablo in formAtioaa traversed by the rays or itreuk*, aa in the S, W. portion of the 
Mpqm A bw power sbouldl be used at first, for a general view of the diio. note on 'Ohserviog tho Moon/ p. 

Tba Moon Alv^aya prDaents the itamo side to the Earth, oo that, on* side of the Moon is never Been at all. Owing, 
howaver^ to whot is tennad the Moon^i or apparent awayibg, duo to tho ineltnation of ite axis to ita orbif, 

and to other causes, we sometimea see a little more on one side or another, on that altogether about aix-tentha of tba 
surface u viothle at one time or another. A full descriptioa of the Moon is t^uite heyond the scope of the present wor^ 
and tbe origins! wnrk« daseribing the fnstnnaon th* Mona's aitrfooiv nuoh m Nnomyth^ Keiao&''B, GoodAore’s and IVootor'e 
JfMfl, ore now out of print. Currei^t work* va A"Eiwsd! Awuir Fonufttoju rMdll*r and BLsggl and wiiktoo and Moors'* Jfap 
CA* Afootl. 

Ladar tbs darker and imootber portiona or the sarfaoe, were aupposed by the early toleeccfdote to ba 

SMkt—which tiuey much ]we«inblD uudor v*ry low powers—and were named onoordingly. More perfoet instrumeoti, 
however, Twoolad that tho aappused seoa were simply vast pioini, by oo moans level, or imootb, poasibty onoa tha 
batcom of Innor oecona, 

Xiuuor mdSiHilaih T‘dtijiias and peaks ore much higher in proportino to the aioan''s diameter thajF terrestrial rmngv 
•TV to the oartb'i diameter, some of them attninlng a height of about five mileeu Tb* moat oonipioDous range Is 
The JjiTTwnifw, in tho northern hetmepbora of the eoona, wbJcb rises like a wall fmtn tha ifor* Imirium. It is about 
£00 nuias long, and Ita bigbest pesJu attain a height of 3} milee—the hnighLs being found by meosanmiEinta of their 
long sharp shadows, nearly 100 miloi long. 

T. iitiu emtiTMf which arc aueh a prominent featam in lunar londsoapes^ are of oil tisea from a humlrBcl and fifty 
miles in diameter dowuwanlH, Cratera often hare one or moie ooniooi pents within the crater watts, ol which 
and ore hue eumplsj the Isrgeat with a foirlj level bottom, and often no central peak, and with 

lower bounding walls than the craters proper, are colled tcalled of wbioli Piettc is tho best eumple^ Tbo 

Intarioiw of the oraterv are usually lower than the aartaos ontside, but anmetimes the revene is the cose. Fr 0 <[neDtly 
on old crater will be imn that bu been broken into by a Later ona. 

Lunar riiir am deep, winding, narrow valloya, maombliiig the bad ol a dried up stroam. Lnnar appeBj- lUt® 
OTweks on the smoother porcions of the surface It is difilcidt to radii* that theso hairlika markings are sometuneA 
fifty or a hundred miiee long and np t$ S| miles in width. Th* gmater nomber of clefts ire to bo lonu only in pretty 
powerful telesaopoe. Fattli* on dwd ermek* in the moon's surfau*, and or* nimieroDi. They are viiible owing to 
the aurface on one side of them being higher than that on tba other. 

Lunar rays are the bright etieaki which ntdiate from eomo of the prineipal onten. UnUko other lunar features, 
they are best aoan about that time of full moon. Tbo fineet system of ray* radiates from the great crater TVcAo, in 
the eoutbom in uAi* bemijpherek Tbe strangeBt faBturu of thee* lays is that they ar* eTOrywhorB on the samo level a^ 
th* r«st of the surEooe^ and traTeno unbroken both crater valla, vallo]^ and seas No fully Batialactory eiplanatior 
of their nature luu yot been given. 

Position Ang'l^pf the Horn's Akls-—This sways some 25'on *«ch tide of the hoar-circle every month, the oi- 
tremes being when herB.A. if about 0 hn. and 12 hrs., i.e., when enwsing th* celeatial equator: it it about aero when 
her It.A. U 6 brt, and IS hr*, Tha amount U given in the ' Moon's Physical Ephemcris ' in tho Almanao^ 

Objects naoj the Limb^ Tboas near the N. llanar pole are hut situated for observation when the Moon tiss 
its greatest south latitude {about 3'), and dies u«rda for tlia S. polo ; those near E.he we^t limb, when the Moonk actual 
longitudie U R cf prcocrr than), acd thou near th* coot limb when it is W. of than} the mcaTi Icngitiido. 

Th* dates when any object near the limb will be ueareit the esntruf and thus most favourably eituated for churvaticn, 
can be aacartained from the J^auCicdl AlmatuUf by finding the time* when tha favourable libration in lotitudcj^pL 2S) 
Is about and that in lungitud* about T': the Maori, however, may be botow the harinon, or th* phase unsuitahlB, 


TJTE MQOF. 


Effects of At mmrrin^ phua, though ths poutLcuta Lud of the ahmJt^wi thentBelTu 

nqtflhniBeJ fireiitljf (iamr 'auionar ehetiigtiB hoing amniJ, owing ha the tiufell imdiufctidft of tht Ittiuir equAlor » the 
Ealiptio, 1J'), the Moen^e Utitude end bngitade, h»»ft Altered. Libratien hu oume into play^ uid we Tiew the oVijeet 
and tta ihadow from a diflFefeiilu poiltion than forruerljp the ufArietiqn mmountuig Ht ita maxicQiiiD to over 20*^ through 
the flombitiAd uffect of the diiplaemueiit in lAtitode end lougltucU, Ex«pt at rare intervale, tberefere, we do cot 
obierve objeote under anything tite the ume oocLilitlDiia When TiewLug the hlooii, it shouid alao be rememberad that 
it li anlynear the eantre of Lhe dlio that we tee objeote. in their trae form and dimeniioui, ai eanh object u more and 
more £oreeburten«d the further it ii away from the eentre, and, on the tiroby u aeen on]y in profile. 

The libradcin on any evening oan b& found from the If&uiitvl Almajint in the ‘Moon^a Phyeiral Ephemeru,' 
i^lomoj Earth^a ‘ Sabnograpbic Lat. and Long/ When the Ubratien in longltode ia +, the mean oentro of the diao ia 
dinplaoed to the i.a.. the Mam Criaium is furthest from the Umb. When the libration ia - , the mean centre ia 
dieplaoed to the W., and the Mare Criaiuni appmaohea the limb. Bimllsrty^ when the librarian In latitude la +, the 
mean eentre is diaplaeed to the S„ t.a,, Plato ia fortbeat from the limb, and vica wrew, (or - . 

Best Altitude C0RdUiDl]&,—For any given ago of the Moon, there ia a certain dace in the year about whinh 
more favaurahle albicude oondtCkmi obtain than at any other time, though it ia mndifled to tome ext«mt by the Moon's 
chaJigH in lacltudo. Thii li dne to tbs fact that the Moon'a aremge path aeinoidee with the Ediptic^ so that on 
Any given day, her altitude abore an. ohaerver'a horizon at oulrainatfoD, will, on tbe average, be exiedy the same aa that 
of the Sun at nocn on the date when he hu aimilsr R,A, Th# foltowing TshU indieateH approxiiuately the moet 
fAvouTiibie dates for observing the principal phuea ; (S. Hflmisphenr, transpoie April, Oct 3 and July, Jan.):— 


Nk Homlfl phene T— 

Moon 3-4 days oM. 

First Quarter. 

1 Full 

Last Quarter. 

25 26 day*. 

Mo»t ^dect«ra6fs 

End of April 

Vernal ZquiuDX 

Winter Solstin 

Autumnal Equinox 

End of J nly 


„ Occober 

Autumnal „ 

1 gummer „ 

V ernal „ 

„ January 


Tha Position of tho torRllOAtor on the Mnon'a equator^ corresponding to virioua ages, can be approaimatdy 
aiofirtsinod by meBna of the scale betow th« Map of the Uoon on p, 3L It can be obtained mens exactly from the 
' M-Oon's Physical Ephemeris,' Sun's eo-longitude^ lioiomb., in the Kaiui^isal .Almanac (in oonjunction with a lunar 
ehart having selencgraphic latitude and longituds linea), by using tha following rule:— 

^'rrnu— c/ frrei matar. 

O' to W, tbs bgureii In the Table give the (erminatcr'i loiigttuJe£.cf thecmlxal median (Sun rinng). 

SO' to I&O'h Aubtrect the Sun's co-longit. froin ISO': aniWDr» „ „ n h h (^cio setting). 

leO'to tTO', submoE ISO'from the Sun's rodoogih h — b h b E, , „ „ (Buu eectlng^ 

870* to 3H30\ sqhtract the Sun's i??hl«jgiL. from 3<50*. 1 ,— b h e n {S“n risinf)^ 

Bepetltlon of 58.100 Phase of illunitnation, near tha tame bonr^ may be expected in about 2 and 1Q knatiozu, on 
the avemge, but there are rariations—cnrreipoiiiliDg with the lengths of difierent Innacions, which vary to and fro 
between 391 and 391 days. The mean lunation ia just over 39^ days, benre, On tbe average, in the recoud lunation 
similar phase fatli in daylight; iu the third, it is booni later in the evening chan the first, and 10 on. 1 mean 
lunation ^22* 12^ ; 2lunations, 59* and 15 Eunations, The mnsn interval from perigee to perigee, 

or mean anomalistic psrlod 1* 37'55+S5 daya, »n,d does not reenr at the sam* phase tlU after ) 4 Innalinus (about 1-13 yru.), 
or about 1| manUiA later in the fnllowing year, so that ^mDst favourable' eondiriena gradually disappear for a period. 

LulLfiT NomSnelfitUPft. Lunar objects are generally referred to the ^vodmat, nr qnsrterof th* diag, in whliJi 
they are found, numbered I to lY, aeon the map. The prinolpal formstlons have names of their own i other objects in 
the nelghboorhood {alao those inside or on a crater), not separately named, af* denotad by the nearest crater name with 
a R<t 7 rvnn letter added, for cracera ordepreuiona, or a (?reeJt l«Eter, for peaks or elevations—ospitals demoting 'measured^ 
poinLs. Thus > Aristotelss B' is quits different from 'Aristoteles,' being a small crater som* 50 miles fT. of the latter, 
Greek, letteni are alio used for rills^ m oonjunction with the crater oamea 

Earthshtnfl, popularly known aa ' the Old Moon in the New Moon^s armx,' is due to rays pf light rsfieoted freno 
the Earth on the Moan's dark disc. It Is stronger in the mornini: with Old Menn than in the evening with Hew Moan, 
and its variations are worth lyatematie study, me an index to the reftrotive power af the Earth'B disc, which is lit ap 
by the Bun. As the albedo of clouds it very high {p. riii), unnsoa! hri^tnaia of Zarththine probably indicates that the 
tun-niuminatcd hemisphsire of the Eartli is much oioudjer than usual, and ttw wrfo when EarthihinB is faint, EartlmMao 
is best seen 3 to S days after New Mpun in tbe spruig, or before New Moon in the autuinn, especialEy if the Moon is near 
perigee at the time, its brightness then being greatest, Eartljthine is alsa known as * l^umicnr «ndriic* or ' as4y iighf,* 
A very parmw ring of sil var-a-hite light, quite distinct from Earthifaine, and eneiroliug the whole lunar disc, is 
WKSsionally vuilble for ibort pariodi whsa th* Moon is within £ Or 3 days of New, 
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TBE MOOB. 


Lozult Craters uni eluuiilBd li^f KiriflfiQ mi *«it ti» oUwai hhsi^ gradually into obb motfciijrj juid pBar tie bgrcJn- 

lina oitbar name niay be ue^ 

Walled PbunH. (w in Indet]!^ dtam.'l^lfiO milen lilce UheloI] j eiirrciqndQd by aooisplea intern of 

Tollfl: fl(50J' uauiklty nut mudi lowor tban outaide* Aod eom|Jiu*tiFelj Iotb] ; central mDtml&ia ollnii itiMaL Moetly 
in B. faemlopliQrB, 

Hing' Moantalua (jw i]i Index}, diaia. lA^CO tfiUee -^4-113 km,}, like Walla low bxhI brakcn, pFobably raiued 

vaUed i^iUBL 

King PXaiaa iti Index}, diaiQ, 9O-J0O mtloa (3S‘-0^ km.}, like i ociQp’riie tbe HlaJ-Drity of the larger lunar craties, 

lictacimiLarand rogular tban waited pkida; ainglspdnelpal wall, generElly; umiarHlope emalt, interior etecfi aod uuatJy 
temoocL F!(wr ilwaya much Iowet than outdide, aiiii DotnpeimtiTeiy teveh The deepeal luuHr ftitnistioa it 

rim S3,000 fesi metraa) above tlie floor. In TFaiyraftm, the floor El practically loTdl with the top of the walL 

Crater P t a tn a , diam. milee (16-S3 km.]i Brighter, and with gentler ootalde ilopea, than cratora proper. 

Cnten proper Jff in lude^}, diam. S-16 miloa {^>£4 km.), Eifee Oirculu'; outer ilopa stoflper, but the interfor 

more greduallj than in crater ptaioa. ^oot eniHlI, with ' Tdouic* oode ; vcrj bright near Foil. 

Crmtorleta, diaiiL Bmilei (dlaiL} downiavd. Ctetant in mtniaturBS tuorely a. oEmTenient Ruh-dlriHiuiv indicatlDc Tsy 
imall oiatem 

Crater Pit#, nr ' Pita,' dlatn. aa cxatarleta, Vut up to 11 mitoa (IS km.}, YeirT aballow daprewlon^ outside alope haadly 
poro^tibiln, iVpruiiofu diflea fhiai crater pita id haimg no aign of w^Ia whatcw, and may be many milu or 
kilanetani acrww. 

Crmtor CcraaBt ooaloid peakfls dEamoter J-S tmlea (U km,^ with narrow omila^ opatiing, wkicb ia very diffimiU 

to 9m. They appear oo meiuitaid ridgea, and oa crater vmlla imd floora, and ara Tesy bright near Full For fullw 
detaJIa, aee the referanca booki^ givao on page £8. 

Lil1in.r ' Tallsys, The $inne Iridum, with groat bordering cliEb, rlaing in peaks ovor IS^OOO feet hi^ ia one 

of the Sneet obiecta on tbo Moon i it ia bent wen whoa the lioon la S or 3 day# olni 

Of the valley*^ the Great Alpioa Valley la tha moet notable, Bfest ^ie/u or and fankwt are not Tiatble In amal! 
inatminente, but ifaa Olefl of Hyginu^ and that of JLriadwua juit W. of it, mn b« Moa In a two-ineb telaacope. The ^Straight 
Wall,' eo mllee long and QOO foot high, la a little EL of Thebit Pico it a aolitaiy peak on the Mare Imbrinrn, 

The Brlghtnass of diflErent parta of the Moon is an intereeting study j it ia iraEued in ‘degreeo,’ rmogicig (nnn 1* the 
darkwt—found In Grimaldi and BlfKidli—up to l(F, fnand in Arintarchaa, the bdghteat abject in the Moon f PTodua la B' 
13“ ii 1^4ck ahadow. The floor of Plate nnctej^oea corieiii ohangee in hrightneea aa the Sac'# altitude iocimeesL 

The nrying eolonra cf the Sou may aleo be atudled. The praTaUing tini of the Maria i# gr«y, mom or lew dark, Mare 
Criaium being the darkeet (l^'-3'}, with a tioge of green. The brightest of the gr^ plaina ie laone Sotnnkrutn {3|“-4“); 
Palm Somnii, equally bright, ie of a yellow-brawn abide. The Mare Sereoiitatla the oeotrn nf Mare numorim, uid part af 
the Binm Iridum, have a dark greenJah Dotaart and tbe Man Orialam a lighter green ; the Man Frigoria ia a yellowiah-gnati. 

(Centres of Prlnolp^l Ray Systems. Arielarcime, Arletillua, Byri^tUi A, Copeniicue, Euler, Eeplar, Mnaicr, Proaim^ 
TbnoclviriB, and Tyobo, Eudidea ud Landeberg A an aurroundBd by a ' tumbaa,^ or bright patch. 

Tbo Moan Centre of tb# Bioeo, or intetMetion of lunar meridiAn 0“ with the lunar equatof, am alway# be readily found, 
ai il la approximately the point equidiataot from the throe cnteiw, Herschel, SchrBter, and TriBoisKker, The lunar a]nator 
la very nearly the line drawn thmugb Rbnticm and lamdeberg ; Itinar longitude IF, a line drawn tbrongh the centre of WaltEr 
and the %. of Ariatillm Bat eee note at fqoi gf Map of tfae Moon ae to eumd Unea. 

Index;. Kte.p af the Monn. The diametem, giyen b mfloa, a™ approximate, a* anthoritiee iwmetimw diflfer^ owing to 
irregular sbapH^ Ac. The littam Be, Bb^ <1%, indicate the eqaam in which the object wlU be found, r, w, «, etc., eee abom 


Agrippa M bTsT" 
AfUtegoiua Cv} Bb 7D 
Alpotragiue (r) Cb £7 

AJpbonauaftf} Cb 70 

Anaximander Od 30 
Apollontna A* ISO 
Aichimod«(r) <3c flO 
Ajiadima (d} Be S' 
Ariatarchm (e) Dc SS 
AriNtlllm (r) Bd 34 
Ariatetelw (r) Bd 
Amarhei Cb Qh 
Atlaa (f} Bd 65 

Autelycm tr) Bd 35 
BaiUy (ir) ChlhS 
Keaael {«) Bo IS 
Bin trj Ch S 

BlaticanD# (w) Ck Qd 
fiuUialdua (r) Cb 36 
Borg (r> Bd £6 

Byrgiuii, A A (r) Cb 40 

Gkpolla (r) Ab 30 
Capuanna (r) Ca 34 
Cswni (rj Bd se 
Oalbarina (w) Bb TO 


tlfeO. ' 

ClariuB fw) ChlfO* 
ClecHnede# (r) Ac 80 
Oopemioua [r) Cfo 6C 
CriJger (r) Db 30 
CyrUliu (w) Bb 66 
Detamhra (r} Bb 33 
PebalefAv} Cfl le 

Eoclse (r) Cc 20 
Endymion (w) Bd 76 
ETAtDachi]nea(r}Ce 36 
Enctidea [«)> Cb 7 
l^ldclgIue (r) Ikl 46 
Eukr;r) Oe 19 
FabricLua (r) Ba 65 
Flutnateed (r) Cb 9 ^ 
FracBatorilu {r} Ab 00 
Fumeriua (v) Aa 60 
Gambart >} Co |S 
Goiwendi (w) Cb 66 
G4iue« («} Adi 10 
Qcdin (c) Do 23 

Grimaldi (v) Dbl47 

HaioiBhl (w) Ck 66 
Helicon {r} Cd 13 
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HiBiBcbel (iT) Cb ^ 
Hontl (v> Do 71 
Hippalui fr} Cb 38 
Hi^ipajxbiia frj Bb OB 
HyginmAClen (o>Bc 4 

Kepler {fj De 32 

Lambert (r) Ce 18 i 
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IjatTOunn (r) Dh 60 
LiodsELBu |ir} Ba 36 
Umui (d) Be S 
iougEW(iatita»tu{w]'Ca 90 

Alarrabitia fv) Ac 42 
Maginuo fw) CalOO 

MairacL (r) Cd 26 
ManLlitu (r) Be 26 
^iariue fr) Eta S7 
Maakelyna (r) Be IS 
Maurolycuf ^v} Ba 76 
MeraMiiUB {r) Cb 41 
M ftwwia Cut} Ad 00 
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Slaw 
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Ca 78 
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Cal43 

Otte Strove (ir) Ccl60 

Parry (r) 

Ch 25 

Petevim (■} 

AblOO 
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Cd 46 

Fiaxri (w) 

Ca 90 

Pleanl M 

Aa 21 
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Bb 67 

Koo 

Cd 

Pitetna (w) 

Cb 58 

Plate (ej 

Cd 60 

Pliblua ^r) 

Bd 3S 
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BdOS 
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Aci L8 

Ftelenimua (w) 

Chi 16 

Purhaefa (it) 

Cb 70 
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Cc 31 

Boinhald (r) 

Ce 31 
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Bo 25 
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SctuTiir (v) CmJ U 
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Btedine (r) ^ 41 

Stefler (w) EalW 
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Thabit (r) Cb 3S 
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VitellG frj Cb SS 
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Vlocq (r} Ba 67 

Walter fw) Ba 90 
Wargenttn (f) Ca 64 
Wenier (r) Bb 45 
Wilhelm 1. fv) Ca 46 
tViirielbaMerf#?) Ca 60 

Zaeh (w) Ea 46 



SKETCH MAP OF THE MOON, tA* 
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eCMJE SHOWINQ APPROXIMATE PoaTION 0F THE TERMINATOR OH THE MOON'S EOUATDN AT VARIDUfl AOES. 
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ia u»ing tA» or uf «tur M^p af mh UtKHi, iS miuti be moAuakHanj thmt :— 

(a}^ Objaeti. tw j tb? Himb in ibe Had idaj be eDta^ebel j {ml of ilgbt or much JoreAherlADDil, ovlpt to Utmttolb Tbo kfnf* 

CriMiim Hid Grlnuldl fiir liutjuiiie, mduiwl touch edge At MtietitS 
[.i]b The luDAT MUAtor, end pataUbIa of litJtiula, whidt Are itnight on the Mip, ue odIt bhb. tliiu wheo the librelicrn ia lAtIbude it (T* 
utn wbmj Uie Iudat oua ii in the|Hieitml of mwa tibnttoo j Btetlipf tinuA thB*ti Ub«e atb iPvoti Mdlipw o# gnAUr or Lem oor™. 
turti eumd eatiibWHYle Uhi libntian in lAtltude U Hid Ourrod uortfamirlT eehen the hbnticHi Id lAliUide ti —h 

(•)l StiadATljr IliO laeiddiAa of lunir loDgitTide 0* b ooly leen Aa a rtzwgtit liiH when tlio fibretiiHi in lentitilde li i ei other limel 
It aIr(I b olUptuel, MKU'Tee W, eir E, Aone^diug u the Hdqel'i UbfAtkm U ~ or +. 

(rf). llii meen Hoti^ of tbo dieO la eeea in the eenm wEim tbo Ubrmtioo in kmgitude And letitude AM wh (i*. At othm 
^•e it W*f Im diiptAD^ \aT it' ift l44]gltB{l* end S" it' fa IntlujilD, m m the cofnldaed rmult lO" Ifl'. T!he Hoon' 
Ubnttoo In longitude |a 0^ Abemt perigee end Apogee^ And her llbrAtion in lAlitude Bboot 0-' whan, ii ofwiAipg the Efliptio, 
When the M^ocm ■ lihrAtion En letigittlde ii > tlbtTepim expoAod to TieW iw sO the ELlimb^ ^ Hatb Crhdiun u DeArer' tli^lfoiV. thu tnim pcaitioiL 
H « pp + It „ « Wp „ I, j, funbeir frrai „ h, h 

Wfa£ii the Kom « libntiQD in lAEibude El ^ p „ ^ £LlilaibKkPktDb OHrer the limb then lUM podticiL 

" tp - -4- 41 P. n K' ,i pp lurthot trnlB „ p 

Lukah Mountains. An. r LUNt.R_ Seas (or ‘Maru-), 4io. 

fjjjT na Sonmlamni 
Pajun Nebulmiuii 


Alps, Ba 12,«» 

Alpine VaIWM ... 
AiUi Mu. Bh 13,000 
Apeomusa Qc 1S,E00 
Bisdi^p Jdt. ^ 
Cmocaaua Bd 
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the planets. 

Ths NflUtlc&l (N.A. t' lijail The AnterlCilt Ej^beniBriy (A.Etl'i giTe qiiicIj pluictiu^ nbMcrvinj^ inforra^iui. 

Under 'PJiotiijuiBttJt' amj tha datm thf wpiJOBition^ in ItA. wltli t]jci Sutt luni ilotra, elori^tin[i» of M^nnir^' wid Veaii^ 

At; ttcrc are Oocultfttion T*bl^ ’^ilh lutiiude-limitu of obMiTabilitj^ aud tLuw txvn ai itiijijn Ptulitma ( diio SuiirfM, 
^loourise. And Twiliglit TaLIihsi for JAtEtudeQ or to dO. Ibo ‘ K^iLt'kuuriH' Tubjea piv-B tjjo hi]g!e 

of tbfi JtJtia, {jlanotiU'j toeridian on tbe L-entre of thodlM^, iUAgliiltliia^ L-tiFifigutAUiib and cclippcatif llw wtrltitrs, if.; _ 

Mftfa and Jupiter, The anjpitar amtixint of [dinjid, I'alwaja tm the W. ddiT Ikjm eonjuFtetioti lo oirpoelticii, ftnd on E. ndc iTtm 
api^MltliQU uuta caojLidtJtiOH) la pT-uo bv onlomn j; tb» litioar fpaoLion of tba disii iUmnsFLaM, by oolutun L 

Ociitiinn 11(0 givew the number of degnuja the jTljuwt'a X pole (+ ot S. prhlo (- in timicd towardn the Ktirth : maiiiijatn 
alxiut afi^* for Mju'b : 4'’ for Jupiterj *if for Setun; j but kijfoly ntUlifffjd by furaaliurtenlug. O' = both ihtIwh uq limb, 
jupittf't Satellitet Cun%’m^tiun; Q theside iadbkt^ 'In imriait’ ^ % 'Inoocultation orecllpBft’ Ttk»Pbaacdui(ai4UiHBboa# 
tlwpoflitiun uf DAiiib autnlJita Jurln]^ tbe inuiTitb, by a * {cliaii^ atjjjht, ciwptniHir opjioaftim)* of the fiolnta- whore the 
BatcIlitRftdiaApiieftr in, premerga froru the shadowt; c [or li) i* die ptnut of dEauppeuranre; f<ot r), that of teappeamuDe 
Satnrn^s (3tii1uiLin li (SaturniEsenlrio latttndH of tlie the atkgulAr ’upenuna*" of tbo ringit, 0' wbon iiirlaiblo, 

about 2b‘ fully upon, OtiUimn! JJ' ia the Ssm's elevation above tho rin^-planu; iJw nuj^H am iuvialhlo wlieu B or 5'=-0*1 
and al>M.i wbiuE B (Kartli)' ia 4* (^urlh), and JJ' (SunJ is - (butlth), op ofee tWranu Poeition engle of ia eawe fta CulmnnP. 
Hour of ILA, m tho mt-rkfian at paean midnight (Biikn-al Tunm^ fnr eatb day ; tram thia, that at other houia mu he iiTtuitL 
Riunig or Sattm^ of Planets, From the iVwt. timo of meridian jwujBage', attbtTiurt (op add) the «smi-dittmat ju?c laoc p. aLv). 
AatrouDDiicaJ Tonna; The Calendar. TLu atndontahould rwid the vury iotertatiaijK artirlB on these Bubjec-ta ip the Appepdii 
to tho Brittah A'J.. wbioh alau L-oniain*, f-rjf the advanced, an dnborate piwM of fortflulpf used in tho Almanac. 
Keboocptric longitndeaaniJ lablmdiiM, and rodlua veotoni, giving urbibkl poaitiuua and JurtandE* with referEr™ to thE SpHt Hi’s 
given auntiatly in the Amfj^'can Ejfkimwit. The BrStiab A", J. publiahea them ftp- tirciHv v«vr in wlvwiw* LS17-40 in B.d*. 
lSl&-;7 £Man-ixry wniualty, till 1&38); Ihll-OO, aEno 1^10.1940, its apKial voU EHiHi'a hohorjmMc longitudiL nee p. 4. 
General Notes—The J/nJiw i^/sTwia, ao mailed to ditrtuignii)|] them from Llni Afi^fyidt nr J/inoi- riantis. none 
of whlcli excei^dii a few hundred mile* in dmmeter, ni's Mercury, TeiiuSi Earth, Mm-H, Jupiter, Satiim, Uranna, 
Neptune, Pluto, The first foar, and PJuto^ aru sometimefi dialinguiihed as the ?V?Tfrairt(ijf /VanetEf, iis tlitir iiRe* are 
compamblo with tijat of the Eurth, the othara aa the fJiant Pian^t». They are always npnr the Kcliptie except Pluto,, 
within tbc Zodian (p. 3), aud are readily dlstlnauxabed fnEDu fixed atari, they do not twintle nnEe&s low down ; their 
apectfa are tboae of reAseted amillghL^ with baiida ifue to methane in all thi? giaol pjaijand ammnnut in Jupiter 
and Sal uni (p. S9). Their oonatautly-ohanging ptwu-tioiiR arc eaiily found hy tljc R. A, and iJiwli nation given in almaiuw:i. 

Utdike the Moon, which sontha about 3S to(5S mlnuteii (moan, flO^) later eaeh day, the Sup^rwr Planei* the 

A^tcroida, Jupiter, and thme beyond) aoutb earlitu-, im the avemge, eanh aighl, appearing to move nearer the Sun daily 
when E. of him, but further away when W. n£ him, and being ]c?ist In his rtLys fpraome vix weelis nnnaallv-—Mairai 
and iktf asteroids in general, for aionlbx, biemiially, having long synodic perttHiiF (see betow). 

Thu Superior plaiietfl are iosat seen when in opposition, southing abooi mideight; liic Jn/Wior Pitinaiw (Miircqry 
Venua), aljout the timei of greatest elongation. OppoHl-tion or greatest elongation may ocimr at but time of the ye^r 
but tho nearer they happen to one date in a [^ertaiii muntli (^upcriipr piaiiciEi,. that oj| which the EsM-th’s holiooenlric 
longitude is alxEut tiio Bamo as that of the plaimt'a pnrihelion) tho larger Bud brighleris the planet^ manvyeara, how¬ 
ever, elapse before the moat favocrabla conditlonH mrur. For Magnitude s^ariaElou, see pp. 17 and 41, 

The SolB.r System (sea ftleo p. viti],—The figiipea below ivre meetly (or, liaaod on} tbcMe of the Avt^rhun EfiA*ltT\vni^ to which 
pdfcr {nr to tbo yoarly 3.A. A. for t'lmter |iraciaion. The larger of twi> duimetere is tho tM|uatorijiJ, the xmaller thu polar,^ 

Sun.* Uiametar, nii]™i h3l>a,7«> km.; Mocm, milais, 3«40km. Deonty: {watrr=l)Sun, J-4I ; Moon 3 34. 

Plancia. MtPBwrr Venyi | Esjili Jupitor ; Balum UfWhui ' Naptuns I Plutp I un I Mann 

Aaffiiiar iliameteF, Mwil lim 04"t) ' nc'-j 4r"b ay'-fi *"-2 f Sjr afl" 33' 31’' 

!■» 1. siiii. r-7 ff'-g a-g 34.-,^ I i hr 31' 1!^ 

,. At atsim Uiib tSf' i la-'iu 1 4^ -1 17"’S ^ 2 "1 iBI larcifl" SF & 

Ob]atca«» Of Ciuptldcy IJ U 1 h'iSTth I /70th l/lrt-4 l/14r.b U41itli . ... I 0 n-WK 

Mui, Sanb^l (m j l^ijQ i]-l08 SlS^l tkJ>2 1 *^ 17 m ij-ga la,'S3,400 UfllS 

■t = E l/SUmtlUinib 1/41)3,iW 1/353,370 i/miT lA'i® J/i22;Sea l,ria,3H l/mood 1 

Axli: ur li4.u»tpr, IqalimtiQD tciirlKlt 35^ I ^*-4r, Ito"-!? 3* Stf ItiJ- | l! T‘“i7| ; fl'41" 

Mcaii tJIstulOB froM Eurtht—fit/VrfflT ntdHtr, ( ABtrcc, Halt; $Hfvi-tor, = msandiitinisfl frciw Snn [ mE»n opp'o dDetsne^, I iio)t am, 

Anhsliciq Hitd P*nhi>lEoii DfBULBEEi. = X „ = aiSt (th* Miwb dtikBUMj Lti A.Ur-. wtal « th« *iCrtstiirJt¥. 

hIi. Ol-an : Epoch IDSQ. 

JJtai , aiKED- ■^■■■^►11. I LlttitflL >, 

Bfiaita utfiLIx tc iklJtd. Xu oudr F^rUBUim 

OSiiTi o wm T'OO 47'-7* 7^*- T ^ 

2et 17a O'OOeS 3'40 Tfl'S 130-3 i 

0-01671 0’ 102-1 j 

0-0934 1-3A 40-1 33b-l I 

hit 0■S^3e 10-34 303-ft ISl-JJ 

»G0-6rm n-o-te4 ]-ao 09-9 

tot 14 Si^ 0 W.V7 a-4U U3-£ OS t 

atwnt Htfli 0-0473 0-77 73-7 Itta-ET 

h’^-iOm nnoSA his 131-3 | 44-S 

.., Q34fifl 17M4ll00’-3|sa3''-fl. 
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PlanBl f^o*n Olntanec fr. flqn.* 0iB<n«ter* Urinuty HtAn PbHd 

Mercury 0 387 M-O fiT-O , 3-3 J 1 1.1 3.7 a .0 0-3173 

THimi 0-733 67-3 lOS-3 7-M 12^-1 4 -B 3-4 ty^im I'flEHJI 

Earth 1-000 &3-0 143-T J^ij -J-p Z-U 1 -OOOO.i ... 

1-^1) 5-1304: 

Eros (h^I i-40 i3|5H(j tlg-j u-Ulti O’trJ* ... ... 1-723 5-3fJ31- 

Jnpitor rrSOS 483-6 T7B-7 I T, I 1-3 ’ OB 11 -Mila 10931 ! 

aatum B-63fl ^87-3 1-liB j JiHi-T I 07,0-0 £9-4fi77 l-OBOij 

Uraniui lo-ifl 176fi 3&7S 35-5 ' I'S ^ OS 84-0163 JOISI | 

NcptimH 30-07 ST67 4601 BO-ft | 49-3 I^gi 1-1 ]e 4 - 7 as l <1001 | 

Pluto 39-61 I 3076 I 5616 .^-S ) a-U --I— 34H-430 |-fl047i 

' OkitancH acd LHaiseUni Bivani &bgvn mitoepoihI la s Sk^kr Ikratbi of S^'T! 

J For tlu» ulta, m tbs bo tifhlt, I 


r/FJT PlAySTS. 
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Th'd Patht OT tha Pianfits CH the Staf Sphere. Am iK 4U rmia th« thnn {Lbirir liBllocsitHei pmthQ} LTfl, tar ‘OrdiDAi^ 
Inirpoeiufl, imctumgkug, aad Uciti iutbirwectM lhat af Ui« ^Artk (thn uedd u th« Zdiptier) bt twa prucCiicP-lljr fixed poiutjft, the nr^ee, 
Tbe beUwjBQtnc pat^ ara alM appKfainiatBEj the atEiage patlu of the Bupq^ior ea Mali l^m the KarlJi ''Me IkLovJl 

PliUDtx attiun tbieirj^reatea't heliooentno latitude wbeu about )>(r langit from tke nudee, wad remahi lu&gMt. (Icngtbebn u the 
eoowitrketf j ea that aide of the EoUptie b 'which aphelkcRt hei than b the ethtn-p partly hecauja the bodfl-apbaliciD-oodcdiBt&uce 
la ^roatcr (aligbtlj, imlen ecceutnclt^ le gr«iiit)p pwrtlj bocaiue tlie mean mutlou in aJowar. tf tha ooda-perihElkD angk (h) la 
fp^eofef'tbaiiabout l^QT^aphdkcL id in (be N.celastial hoQuaphore{^tara, dupiterpSatortipNeptiiiia); if £mi, in tbe Soutberoihterrurj, 
VenuA, Unnvdp PSuto); to tbe formuTt tbe altitude at &¥Diin]ibla oppoaltiaftu id bedt fur S<nithHni, In the Latter foF nrthem abAar?eni. 

Ad seen from thn Rarth, the Sitp«-ipr planeU reach a latitnda above or below tbf Eqllptia at ]«Ht Kiual te the Itnlinaticifl at 
tbeir orbit^ and «»h foilowa the bdiooenMo path more and more pearl j the lfl« ita parAllu—va^ the remoter the ptauEt ia Inrai 
tbe Snoi tboi their |]i»«c[nLria pathd are oonEaed to a ytaj ttanw atrip on the atar apliorc—Mare eacnpied, bekiir]L 

Mmx-ttirs reaio^ which oircile the alar spbere with the SuUp have tbe Ecliptu: for their aTamge path (approx. and attajn 11* 
and 9't raapoetiTelyp from it if mai. belieoHotric Latitude oocuia with Eartfa about hdlioeenL. lungfL 318* leS*, 34a’{ rfAUl). 

The Earth'd arerohan^nf poeitiun b bw orbit, maj, aa aeen fmm ber oentre, diniitue the Superior plaMte frotn tb^ boho- 
centrio poaitioDB (a) K. or W. bj an amount about equal to tbe Eanb'a i^avuf panJLai (jx 14) aa wen from tha plandt; (b) N. 
or & bj a Bxnall amonuB —f^fatAdi about perihelioD oppwitioa, amalLeet about oonJunatioE—except fiar iiGar-hj Mara, which at 
oppoditioQ maj be dame 3' to h* N. or & of the halLocAutric path; Jupitor'a maximum la about I*. And as the Earih'i mean dui^ 
Orbital footloil of 1* eiceeda thoae of Man and the aateroida |* or moi^ and thodo of the atbqr Superior pluteta bj Well-nigh 1* 
(fee Table, p. Earth and planet are on theaame lide of the Sun and b tbe aame liney at opjfMaitiicia, the Earth outn^ne the 

planet^ oaukug It apfiaracttly to retrograde on the atar ephere—belhre and afler oppoiititm, alao, for aoine time. The ctunlHnAd 
taotiuni of the Earth and a planet make the latter*e path on iha atar apbere^ aa aNin froiii the Earth, a looped or ngug ourm 

ffitiPCUry b alwayi ao e1f»e to the 3un that, even when moat fax'ourably Bituatod, he ii anly obeervable for about 
two houre (naked eyCp | hxp) after Bnoaet or belore ennrue, and that at a very low altitudep eapeoiallY in higher 
latibur]^ Hjd very eaoeutrio orbit oausea hie ^reateat elongation (O.E.) from the Sun to vary Emm 1S‘ to £3* —tbe 
latter one being at aphetioa, when he ia & of the €elodtial Eq^uator, and heat oeeu by Southern ohseiwen. In temperate 
bititod« he ia moot faTOurablj placed near the Eqnlnoxea, aa an evening b tar in tprbgp acme daya before O.E,—one 
in April being beat. Or aa a morning atar in autumn, Bome daya after Q.E, (in the homlaphenBL, Oct, and April), 
M-ercary baa phmuulike tbe Moon, and inniAg. - TS wheut in perlbeiion near anperior oonjpnotion (but very near 
the Sun); it G-.R, tbe average Lionly -I'O'S. Sidereal period i&3 daye; aynodio, about IIG dya. (BotoHoDp lee below),. 

VenUSi Gie brlghtofit of the planeta, aometimei Been in broad daylight^ may even aaataabadow her faint mark, 
ing* (rery doubtful if penmnont featured) are difficult to obBerre owing to lank of ooutraat, but her phadua can be 
itudied in a amall telescope or good □pora glaaa; examine in dayUghtr—which dLmliiiihea the glare-^or aoon after 
aanast or before Bunriaei Her gpreateet brilllaiioy ii during the orejjceu.b a^ge—aa an eTOniug star about a month 
after, or as a morning atar greateit elongation, which at maximum lb 47'^ (O.E. never oocun at nearest to Earth), 

The maximnm magnitude (- 4’4)oceurB about erery @ yc&ra, when Yenui is in perihelion near tba end of December, 
and S, d( the CDlBsttal equator as a morning itar, therefore more favourably situated for Soutbeim ahtserren ; she ia 
than twelve timOB brighter than Siriua; she ii slightly fainter when in perihelion about the middJe of March aa an 
evening star, when Northern obaerveri aee her rauob higbetr above the horizon. Her apparent motion is so slow—the 
synodio period being about ^ ye^r and leven mouthB (C>&4 days^)—that atie resemna rieible or invuibla for ecveral 
montlia, unlike Mercury, which rapidly diuppcara in the Sun's rays, Sidereal period, fi24'7 day*;, roiaiion, eea below. 

A (ainti lumilt^LfT ^arttihlDB ca tha Moon, eccaaionaUy nporLed la vMbla cto the dark dida k aaw aitefbuted be ocular oauaw, 
Beeamnae of Greatest ElongattolL^For Mercury, the moat favourahle ekmgatien twcura ahout every ala ycamj for 
Tenud about every S yoaTL The ioierrala between graatodt E and W, ekmgatian are very unigquid 

Gmatcat K to greatest W. edongation, Infarier omdunoiioa between :^Misnrujy about 44 daya ; YcDua ]44 dayi. 
pi ’W'- IP ^ rt dUperinr „ „ „ „ ^8 ,, „ 44fl „ 

HArs u little interest hi a small telescope except in or near oppositlDn—when hii angnlsr dismetor ii 13^" to 
IB'*; this «jen« ovary 7&0 days dh the averagfr—nearly two yoara and two mentha, the longeat frosj or) planetary aynodic 
poriod ; the lidoreal period ia €@7 days. Favourable oppositiona come nvmy 15 or 17 years, tbe best about Ang. £€th 
(from 1934, very ^vourahle), when Mars exceeda Jupiter in brightneiss, attaining mag, - S B, hut u hia diaa i« even 
then only hitlf the dUmeter, little detail is seen in small telescopoa The mean and minimnm oppoBitlnn magnitudee 
vary between — 3 35 and - i *0, while in conjunction with the Bnn be la only 2nd magniludo. Except near oppcdition, 
Mara !■ mare or leas 'gibbons'—if., not fully, but more than balfdllumined-^greAtoat when he ia in quadrature (90* 
Longitude, nr 6bra E,A from the Bun)! only 0^84 of the dioc la then illumined. Mars has two tiny satellitea 

On Mara" ruddy disc, dark gteyidb-grton martiogi— onoe tbooght to be sean, but now iuppoaed to be mArchcf or 
vegetation areas—can be ■e*a, and on* or other of thn bright, white polar opota (probably incw-capa, perhaps partly 
hoar fr»t) is a atrikiTig Wturfl [ oOMSionally both caps are viaible. The finer so-called *canaTj^ —an tmfortnnate tranB- 
lation oESchiapixrolLL^s r^nn/i", 'channels/ notneeesBarilv nrrificiAl— aniu VEBlhleinamall telescoped, and though some uem 
to rSault from real marlriogs, the tendenoy ii to regard them os partly dun to ocular causes, ftotation peri od, 24h. 3?'4iil 


EotntjOD PflrLOds of Mereary and Vonus.—^.i^^reuryj rucatioii period k hellavod to be 8S daja, the aomaaa hia aidorettl 
(lue^ JO that he olwaya keepa the Bam* IImw to the Sum That of Frau# Wnow been determindd by moana of radio observatToas 
to bo 2£ bra. 17 minutea, 
a 


THE tLANEt^. 
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JUpitOt ii ft Sns objsot for iinall witb bin «11ipticKl dUci dsrtsr fti thn «dg:et thnn in thA aentrffip and 

^paraHel belt' mftrkin^ j, when in i[|nad™t.qre (p. 5) the Ktnb ia itighUy ikiuled, owing to ' pbftM.' Tho rotation 
|>qnEK| b dh. SO'lira, naar the et^nator (Sjateu 1^^ and 55 -7iiu in the temperate lonei (Sjatem IX), 

For rDferertoOp the diec in diTidnd into the Jf. and S. Potsr K^^ions J the TVoptmif ud TepIftmvU JSont/, cmwed 

bj' Pftveu dnfker ' heltl '-^riL, the narrow E^uaiarial Band j tha E^fttatonai (A' and acid TemperalB (j.V,p ^VjV.p £p Bdt^ 
Tha ffTvai /Spd Spoi, seen in IS5T, first prominent in 1378, wu an oral about 13''' bj 3" (30,000 bj miles), and 
its rotation period has varied by leireral Beconda Bright red till IbBl, bj 1803 it hiid faded to a pale omoge, and 
hai aiflcn aiiown little oolonr. In 1919-20^ remarkable and rapid 'ohangea wourred in tbia region, the Spot disappearing 
and re-appearlng af^iin^ It has genemlly been seen in a * hollow ' or "baj' in the S, aide of the S. l^aftlorioJ Belt, 
and B dark iti&rklDg, the 3. TVopioal Z>uturtaTK^ periodinallj oTettakes tli* Spot and Bceeterati^ Its motion, 

Jupiter’i ijTiodle period being about 309 daya, in aocceiiaive yeftra oppoaitiorn Lake place a mcinth lattr In the 
seaeoa, tlie mint favoorahU) being erery 13 ycam, in Sept..-Ck]tubGr ^ bu magaltude ia then - 2‘5, oemparT]d with about 
- 3'3 at mean opposition. Minim am mag., wbun In conjunotion with the Sun, about - 1 '3, Stdereftl period, 11 'SO yn. 

JUtilter^S ^telllt€«9 or blDOns-—Beven of these are mod only in great teiesoopea or on photographs, The other 
four (about mag. 6, and. tttimbered from the planet X IX Hi* IV) are rwible in an opera giau ; they are ail eclipsed by 
Jupitor'a MAadowf (not initanUnaouily), I to III once ercfy mv'olutlon. Bometiiuei a iatnJJita 'tmUHlta' or paeaoi 
acmes the planet's ditu*, appeanng, as it enteri nir Jnaroi the diso, as a bright spot on a dark bankground (the limb or 
edge of the planet beiDg darker than tfae centfe), while later it mny dinappoor, if the background li limilftr in bright- 
nesB and colour; It may tilsn abow as a dark spot, The shadow also transits the diflo as a dark spot, which is apt to 
be taken for the satelfite itaetf ; sometimes both aatelJits and shadow arc seen transiting at the Same time. 

when the satellites pass behind the bady of the planet, are frequent, but of little interest, though, 
■when Jupiter is In or near quadrature, tha saEcSHtc may disappear, or reappear, aUghlty away f™m Uie apparent 
limb owing to tha 'phase'—which Is on the weet aide before, and on the iCHt side after, opposition, 

Satlira ii also a fine object for small telsscopea, The disc ii even more elliptical than that of Jupiter—Sioan 
fully only when the Earth ia in the plane of the rings—but is only lUgbLly darker at the edges than in tlic centre. 
Faint parallel'-belt markings may be discemetX and ocoasioDally bright or ilnrk spoti^ but his special feature Is the 
wonderful Ring lystomi divided in two by a dark line-like marking known as CoafiTtfi ; it is just Tudble in 

a S!|-inc]h refractor when the rings are fully open. The projeoting ends .of the rings arc called the druai} the cue facing 
in ^0 direction of the planet’s motion, in the field of ricw. Is the "preoeding' ansa, the ether the 'following' one. 

The prineifud riiiga are .designated A (theonfcqrinicjiit) and B which ia brighter; A ia divided by a narrow dark 
line known ae ifncAa'a not easUy sceiL, 4 third ring C, the dusky Cnajw, Crvyw, or .^esius neftrest 

the planet, requires at least a i'inoh tcleaonpa. The rings are not solid aa wan once lupposied, bnt myriads of tiny bodies 
reTolving rouud the planet; the actual Lhicknefis of the ringi ii not yet known; estimates vary from ID tohOmdea. 

—Twice in the course of Saturn's 2D|-^jea.r siderml period, at Interrala of 13| and 1G| years (from 
l93fi), the rings present thdredgo (d) to the Bun, (G) to tbe Earth, or (e) turn thcLr nniiinmined side towards the 
Earth, and beoam* iairiaible In ordinary telesoopee—even in tho largest telescopes, whsu edgeways to the Earth—for 
ft day or two; Satum is then in heliocentric longitude 172' or 152*, in the .oonstatlatioiii Leo or Aqnarius^PiscnL 
Aboat 6«7 year* lator, when he ia in the sonstollatiuns Taurus or Bogittarius (long. S3' and 263*) ibc rings are fully 
open, and he is at his brightest (see p. 17 ). Tlis most fftvoursbie conditions for brightness and opeuneu are when 
Saturn is in oppaiition at the times of peribhUon (longitude 91'), and greatost opennese, whtsh, for the same longitude^ 
only oouun every 29-5D years (from .1943), Tlio ^rth is in longitud'e 83* and 9l*f about Deo. 15 and 24, with Saturn 
N. of the Ecliptic, and In 362' about June 14, when ho is B, of it: oppusitiotiu about these dates wilJ therefore be 
faveursble, but. thoao In the obcerrisr'i summer will be at low altitudsa, As BaLum's syncKiie period is 378 days, 
uppositiona renar only a fortnight later in tbc acason each yua^, giving foraoma years a snewession of the bast brightneas- 
cooditiooa. At the time of ring-mvisibility, the Karth may paas (or almoet pass) through the ring-plane tbric« in the 
conrH of a joar* the ooutral one being near longitude 1 72* or 352*, the utbere months before or after (see Table p. vui), 
Batuni's magnitude varies with the apparent width of the rings; moan oppaiition about'4 0^93, rrmy. _ 0'4; ring' 
IflHp from D'G5 to 0 87. His rotatian period varies with the latitude, averaging about 101 hoursi. Heriehel I. gives it 
as 10k Ifim,; Hall (1BT6) 10k lim. 24a, for lat, 10*j Denning (1903) lOh. 37 iel 66a* Sidemal period, 3B-4a years. 

Batum baa nine satellites; a veiry small telescope shows Titan, the brightest (mag. B'3); a S-inch, or even leas, 
Rhea (mag. 10*0); a 4-inch, Tsthyi, Diane, and lapetni (mags. ID’6, 10 7,10-9, respectively); the othcre are mag. 13-15, 
UFaniLS and Noptunft are of Littln Internet to tbe ordinary obierTer, being sO distant that their small discs are 
visible only in totcsee|Hsa over 4 inches, their satolUtos In large ones. Drnnus, being mug. 6, ii visible to the naked 
eye; Keptunct opera gloss. Their maximum and minimum brightness differ only by about 0 5 and 0-2 

magnitude, puspeerivelyt their aagulor diameters alao vary very littlSu Uranus has Sts satelllten, Neptune twa 

Pluto, discovered 1930, bos a very eatofttrie and highly-iueltocd orbit (IT')i at perihelitm (in 1986) he comes 
nearer the Sun than I^epcune. Kis magnitude (seems variable, by 0'2-0'4 mag.) ranges from about I2f to 15f. His 
duiraetor and maat, as detormined by Prof, Brouwer of Tale from perturbation! of Kuptune, is about equal to that of 
Venus. p Plkb^t'i, eonb Istltuds lift'. 
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Planets X, Pf ficCi UitrH-Nnptuiiinu pJ&nuiAt by (iliuititiiry iitirturbatiuciE Uzd CLluulDj-^' nEiutyaiB, 

Pluto roJircHiilltH Luwci'il'ii ' Piand X ' {1915| UhUlU biUcb fcr liif.-' Vlji GI, toJ, 40^ 193:2, 

The Aateroidat or Minor Planets, being very miuuU'. itre kI\ itiv^hlLlr to tlie H^ikrd ryp, iSLt jit Vttttt (t | ffi*, 

Dutg. ilio Cr^>r it 4fl0 tuik*£ iti diAtppler^ but ili? grum tnujodly me well tinder BU taiiiJar They cirupy 

tb& pcoitlou wliem ^Piicie’a Law " (p, viLi) itidiraifii^ a platiel ought to ixihl, and mnj [x.^biUly Ll‘ the un aint t4 tue. 
UiililcQ the Major plaiietn i(a)ita>'pt Plutuji,. iheir orbiu vary grently in inollualion to iht! Keliplie und in rcrmiricity 
(yi4] having jiri orbit-inelinfttion of 43', and an accentriciLy of 0^(56 {eKcredL-d by timl of see below). 

Now HHtuPQida may itxoivo iiHiuc*, hut ttOTi only numbpred (synilhniliRed thwa, 0, rudgiily in the ortlcr ni dibooTtrjr) when a 
nfttUfturtofy orhit lua ijflou ahtained : for tJie toroponwy nonwiiJoLatufH, we p, k. Over ] tUO AHtoroidB arc now listed. 

2>oj (^3S), dlametor about Ifr milca^ aiid porhape iS-shiipipd, or irregularly (Mlourod^ aa it* light variet), Totalesi on itu 
aitiflin 3i b^ra. lU orbit is sti iiiiccititric tliat when uoartsat the Earth it ia about half the least distance of Yenua, or 
14 mililiau miles | it is thoo about losig, 7| but in uaually beyond the roftoh □£ small t^li^copes* tbu mean opposition mug^ 
nitndo betag ruag. 10. Tbonoivrnoaafif Eros makes it of great import ainiie for oenuratt! nirajiurmitnt of the fcun's distance. 

Amor {Dalporte I^ianut liAjt not mum tlmij Smiles in diamoter, approm^hea wkbiu about 10 million milea 
of the Earth—4 million mile* tusirer than Eros does. It may ba in opposition twice in ft. year. Period about S j yeara. 

Apalla (I0AS /IA)i a Uoinmuth planet, about a mile in diameter, may tiaribji the Sun, as its orbit comes slightly 
within that of Yenua. At times it may eomc within 3 [ullHon miles of the Earth. Its, period is about veam. 

CA,)t a second Lt-dporte planet, in 1036 wiLsonly l-3fl mil lion ciUti* from us. The eecftntricity 
of Its orbit is such thAt it aoiues eiooe to tliu orbit of Mortuiry and travels out a* far oa that of Mars. It is 
probably under half a mile in diameter. Penud about 2 &7 years, rncilination of orbit, It was favourubiy 

placed for ubservatinii in June 1943, but eearoh for it was uiisueoessful. 

Nerm^f, discOvorLd by Reinmudi in. 1937, approached uearer the Enrlli than any other known plmietiir^.V body 
eaeept. the Moon, coming within 4S3,00G miJee of us, 

The 7Vofftit (or ^/upifer*) 6‘n&tfp of osternidji, named after hcroe* in the Trojan w ar, i* noteworthy for it* ini mbeis 
revolving in ptability equidistant (approx.)from thti Hun and Jiipiler, though tlirir orbit h are vfiynt-ar that of llirSstter. 

Planetary Radiation .*—liuolmitm of a planet Is dieioial iwdiation it receives from ihoS^uo ; of this the 
pJanerl'a^reSccta much solar fadiatiou of short wav(?^longth, i#., the ultra-violet, visible, and sliorlett infra-red wave- 
lungtliii up to say 1 '4/i ( = Xl4,000); and (bj absorbs the rest, then re-rndiates it as y Jidt/nJltc-K Of lung w nve- 

leugth, Cft, inviaible low-tempemture bcat-rnyB^ which may include the plauet'i own radiation, if any : thus (bjia the 
measured total radiation ^s*s the amonnt of (aj. A 1cm. water cell placed in the Iwom of the planet's radiation 
traii^miti (s) but absorbs (fi), thus enabling the amount of the latter to be measured. A* an atmetpbeie acts a* a 
blankoti tho planetary rudiftiion of atmospherelwa planeti will be high; that of tbope with atmosphereB will tend 
to be smal), liHtsteninp the drauwp and cloudier the atmosphere. Quarts and fluorito serreus, which tinnirinil longer 
wave-lengths than the I‘4^ of the wiiter-ctll (to 4‘lp and iL'/j. rcBptctively) arc also u«d in these invertigationa, 

Jupiter and 8atum emit 6 per eont of planetary mdiation j Mars has uLout 60%, itiditaling u thin atmoepherBi 
Venus, about on the bright aide. Tlit kJoon and Mercury give 74%, euggeerting aitnilftT phyaicil talmoephen’less) 
condition. The Moon'a locaJ radtatioii nt firat or last quarter is proportional to the iliaUnce frtm the illuminated! 
limb, and i» ^ero at the terminator. The diFercoee in the radiation fre-m the light and dark lunar ureas it ali|^ht 

Plail€tary Temper^alures.—TLe surface-temper&tore of the klocm varies greatly throogbout (he lutiar day; 
Under the vertical ISun it lalOl'C. (214"^-), while during the long night ii ainka tn lest than - I fCC, (23&''F,). Httiutjf 
under the vertrical Sun la about 6fi6*E. (4l2‘C.,774'F., above tlie mcitiog point of lead), At peTihrlion, and 665"^. 
(2S3’'G. j 640'F.), at aphelion \ his dark idde must be very cold, praciiraHy no heat being mensuiable. F^nirs difli r* little 
on the bright and dark aidea, her tPtnpemtui'e Lping ahuul - 23*0- { - 9T..I; we evidetilly only tee the eppet surface of 
a bloudJayer in the iGothermal tTPgiou, Jifara, under the vertical Sun, is 2I*C, (TtTF.) at perihelion, hut only — G'C! 
(5l*F,) at aphelion, whrti the tempi'faton; at the polceia about — 70‘C. ( — D4'F,), JeryiVcr and the otlirr gisnt pjiiicla 
arfl evidently cloud-eovereij b'te Yrnos, hut their temperaiUTeB are rsturally ]r>wrr, Jupitor being ubout — l£C*C, 
( - 203* F.): though much further from the S'nn, some - I20’‘-160"C. f — 1 thus feemingly < triitting 

some hhit of his own ; tVaitti# and some — lOO'C. ( - 310*^F.) and -2S0*C, If - 364'F,) rsapcctiveJy. 

Pianetafy Atmospheres,—The Asteroids, the Moon,and even Mercury (probably,the temperature bring liigh)* 
having moesr'B too amall to overcome the 'velocity nf eflcrprfv' (p, 24), Are fttmosphereles*. If Mercury has nn nluK^phem 
OB faint tmnaient markings (perhapa dust from voleanoefi) Huggeat, it is so ienuus that the aalar fiprctrum la unofected. 

Fniuj bai carbonic acid Lras tu her atmospborc, but Heetniugly no oitygen or water vapour in tho nb(Stfrvab1*Tr.’giDnj^ 

J/artT.—TEm dennity of hia atmosplieroat ground nirfacu is CBtimated os not exceeding that of the Earth at a height 
of 11 miles, but it ia probably muth Jmb ; clouds form in it and diFappear, and lx»lh oiygen and water val-out jirr be- 
lieved tobc prwsiaii, and were reported sb having been tiheentd in lP£4, l>ut later clhHervuTiDna failed toeonflrn them. 

Tftf (j iftnf J’lamtM* atmospheres, so far am they are penetrable, are probably largely eon pfirrd of hyder-grTT. end tl] 
conbiin the? not owbly oondopoed methane (matsh-gas, (^//j), tho quantity Incrvosinif lhi> further the planet ia from the 
Sun's warmiuaf radiation.. Jupiter, with tho higliUiit temperature, and toalejiaer ojtoiit .Saturn, nlsti contain ammonia, 

^ Oba BuDstin, Xa, 9|I, IP2G, 
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PlaUfitflry SarfaCQS-—Only dlcnidy upper re^onsof the Giibst planeta ud of Vexioi ore Tiiible, but the utuol 
nrfiM^ of the Moen, Hemury^ oad More, ire Hen. The polonineter eurrei of the three lotter ore utrikm^Ey simyor 
to thow of Tolcoaio aah ond puuiee. From their atbcdos ot dUToretibphjuieif, the aurfooee of Iderttnry ond the otmaapherv' 
less Moon seem to be t'ory liioilort on mi^ht be expeetedr ajad ore rothcr rgfiif;h ; thot of eectna to be fairlj smooth. 

Metfidi^ df SllDOtln.gr St^rs dc^reH ef brightnen^ from the fointut^ ioating on initint, to the Mtcfa or 

briiljoDl^f^n^p luting so'Vfirol Hcondo: those thot reo£h the BorUt ore called aeroiita. Meteon moy nppeor ui ony 
port of the sky, bgt there ort Hrtoln weLi-morkod pointe on the et&r rphere from which showers of meteore oome every 
yeoT ai regnlor dotno, when the Eorth rotumB to the some port of its orbit Ihetm ohowen ore nomed from tha oon- 
■tellition in which Ilh their Psini or Haditmi —so colled heoouoa the meteon of the ohower appeor to 

rodiate in oil direatiotiO from thot point in the sky, Uonj handrodi of rodionti ore Icnown j the Table on p. 43 gfvH 
ofow of the prindpol ihawen thot moj be looked for, and the approximoto position ol thnur Rodionta. Thou mter- 
Mtod will find a long lUt in W«hb^i ‘Colutwl Objects' Ip oolour, the overoge meteor is more or Leas white;, and lo 
eitimoted to weigh not more thon o single grain, from biightnew and velcmitj eopslderotions. 

The metoars for ony portiGnlor rodioiit mostly exhibit the sams guaerol eharocteristicji year of tor year. There 
are, hnwover^ ooniidoroble diiferencos between voricms ibowero In iomep the nittoon moTS vnrjr nwiftly, in otherB, 
they moFB eomporoti veiy slowly j in utniB, the ovnroge inetecr ti fointp in others, o proportion of Itrebolli inoy be «x^ 
peetod. Streoks or troils ore oborocteristio of some showers, while oocuicmollj o bright stow-moving meteor seems to 
travel in a wovy path. All thesr points ahoutd be noted in meteor abserrattonB, but in recording the appesranofl of a 
meteor, Lhd unskilled ihoDld note that it is much more important to dsscKbe exactly its apparent path or track among 
the stars, from beginning to end, than its physical appearaQ«. The same shower may also vary eon Bidurmbty in point 
of numbers, being i^uite eqnspieuons one year, and hardly visible the next, or for years in snoceuion. Ojh the other 
hand, some ibowen of eonsiderabln steadiness sometiincs fiosh into greatmctirity at Intervab, thel^nids for inataneo. 

Meteors or* gensralEy twice u frqq^aent at Ga.nL, at at G p.m., bsaauas at the former hour wa are facing in the 
direction of the EarLh’i motion in Ita orbit; in the tatter, te the rear. They nsunlly appear from 5^1 to 50 miles above 
the Barlh's surface, and, on the average, disappear at 40 or £0 miles. (See Kotos on ob»rring meteon^ p. 43), 

CDEUBtS vary in brightnMn^ most of them being visible only with tbs aid of a tolescopn A comet is geneniUy 
fliwt dlseemlble as a minoto, faint, misty patch of light, so nmch resembling a nebula that it is only identified as 
a oomet when found to ba in motioEU but sometinHa even a very large comet f!«oape9 dotectioii at first by approaching 
US in the line of the sun. The oeHntial portion of oil comets is the eoma or head, the misty patch of light 4ready 
nentiodtid. In addition a wucjciLt may da-velqp oa it approaches the sno, i,s. a bright SanuH-like or itor-like appear¬ 
ance within the eofno^ and oloo a tail, or sometiindi several tails—whioh always point mom nr less away frotn the snn, 
no matter whefthnr the oomet is approaching or recoding from the sun, Tha tail usually appoars sa a onrvod hollow 
none, deoreuing in biightnots aa it widens ont. Both nudeui and tail, when presont, increase in lixe and brigfatnese 
u the oomet neare the sun, and decrease as it recesdet from the lun; mtwtloptM, or itratifioationa of the miat round 
th« nncleus, especially on the side towards the sun., may also appear as the oOmet approaches perihelion. Neither 
nucleus nor tad, howevor, is necHsarily present Several eometa are oonnsoted In uma way with mstooric showers. 

Ptrwdii comsti^thoH which Twvolve roond Che snn^ and thus appear at regular intorvali^-an known by tbe name 
c£ liusir duooversr (os or dlsaoverorti at twa di^Brent mtunui (os Ponj-BrocFs coouj), or diaooversr or 

investigator of the periodicity (ai and €ameit%. Tcmpel I(15$7), Tsmpel U {l5T3h iiidioato two dli^ 

ooveriew by the sams observer. ixmet (now bit), which divided in two, was known as Eisia t and IL 

The Zodiacal lig'ht:—Except near the time of tlie oquiooxos, this U not well seen to tomporsto latitadci, u ita 
axis in the sky at other tlmss is campantively near tbe horixon. It appears u a faints hasy, unical, benm, somo 
lh^>20* wide at the base, which nearly follows the conrsa of the BcUptlc {not the Celeitial Equator) on the star sphere, 
Cot 90* or more from the horizon a little south (S, Hemisphere;, north) of whem the $uii is he]aw the horiRon;; in its 
brightest paru, it Is two (w throe times os Inminoo# os the Milky Way, but towards its extreme limits it is alwayt 
exceedingly faint, its brightneu leemi to vary from tims to tiincH and it is bnghtor when ohtsrved within tha 
trqpica than in tomperato latitudeB, partly owing to its being mom eenrly vortical to the hnrfzoo, aud partly te th* 
ihorcer deration of twilight. It Is best seen Feb.-March (evening), Ang.^pt. (morning) in the N. Hsmwphere j in tho 
S. Hemieptiure, c£o< oerto; the Inexperisnced ore apt to mistake the glow of twilight tor iti. (l^ea Kotee cn Qh»rving% 
Tn a very cleat atmosphere, the a narrovreir extoii.'uoii^ jouis the (next page), thus extend¬ 

ing the light right remind the star Rphere. These phenomena ore all naually attributed to sunlight reflectod fW^m 
melearie bodies, their spectre being mainly that of sunlight^ but two recent theonea consider them, (a) a torrest rial 
'toil,' like that of a comet, due to the Sun^s lighl^presanre; (fr) an atmoapherio phenomenon at an immeuEO attitude. 


MCLIPSES, Se. 


S7 

Ths 'CoiUiter^Iow' or G^^en^ohotn a^wry £»int round patch of lig^ht, lO'-SO' in diatnofcejr (i.Cn larger than 
tha 'Great Square of 0, y, Pmasi and a AHDHOMKDaih or 40‘-60* aacording to anoLbor authoritjKaitn&ted 

On tbo Ecliptic at tbe point diamatncally oppoaito to who™ the Sun u for the timo being. It i» ■vorj diilioult to aw, 
and qaniiot bo diittngniBhBd if projected on the Milky Way; choow a nmonlou sight of atcspiiional oleamwa, whoa 
the &:Eiptio Is highest above the horinon^ vutt in Dwambcr and Jaasaiy. Acoording In Barnard, it ii largoat and 
brightest in Boptembor and October. (9«fl a long paper by Barnard, in the £nffi\*h Mtciunn'^, March 21, It 

alio u probably dno to malight roBectod tram mebeoric Hodii*, 

OOOUltatlOBB take place wbeu the Mcnju ot a planet paoiea in front of iome wWtial body, ihuttiing H oat from 
Tiew, The Moon frequently cwculta atnin j the disappearanoe, or tmiwrstcfi, ia always on th* E. side of the Moon, the 
mappearanob, or emcraiofi, on the W. aide; iometimea (but laineiy) the Moon oocnlti apluet^ Wlien the * 14 ^ i* brigfatii 
the initaniaticoua diaappcaranee and re^appearance are ilmoet etartliiig; tett rarely^ the atif eueme to h&ng for an 
iaetant ou the limb, perhapn chanoiiig on aomo irregularity parallel to the Moon'a motioo. Duration, ow ncjit page. 

The Moou'B(atar') ihadowia 3160 mil»in diameter on the fundamental plane (p.^S), and baa no penumbra;^ itsweepf 
aeroaa the Earth from W. to Br, In the dirootion of the Earth's rotation, which makes ocoDltadona lut longer than 
they trould with a ngm-mtating Earth. The ocoaJtatioii Mat givee the parallels nf latitude within which they am 
seen: near these limit% the anifdl brenrlth of the shadow (oval, in general) oonflnes visibility to a very limited district 
Eclipses ttncnr when (a) the Moon peoiws in front of the Son t; (6) a utolhte ontem ita primary's ghadete (the 
biota cut, in oeoulUtioqs), and becomM JiiTisible, though nothing InterrcneB, becanse the Bun no longer Ulnminea it 
In Sdar Mdipm —which, strictly spealcLng, are really OMultations of the Sun—the eolipie begins on ihs west aide 
of the Son's dtso, and the shadow swoepe across the Earth's surface from weat to east; in Zunoe Felipm, tha aclipee 
begins on th* east aide of the diw, and sweeps over it westwards. The um^cK. or sWbw, is the duk shadow on that 
portion of the Earth in solar, of the Moon in lunw eclipses, which, fur the time being, reetiiTw no dimgt light trom 
the Hun. The umbns shadtis away into the bordering ptnumbra or partial shadow, which ooveru those regions of th* 
Earth or Moon whence the Hun would be isen partially eolipHdt the edge bitwwn them is noTor sharply defined. 

Firwi CentoGt occurs, in a tolar wlipM, at the instant when the discs of the Snn and Bloon ftrat appear to touch, 
aa, when the eclipse begins ^ Ltttt Cent€Kt at the Instant of the end of the cclipstt In the oss* of a lunar eclipse, we 
fasTe two First Contacts—at the inatautwben(l) the penumbra, and (2) the umbra or shadow, first touch the Moon's disc' 
and similarly two Contacts, at the mumrat when (3) the shadow, and (1) the psnnEnbra nespectitelj leave the disc. 

The ntojmiriMffl, or eitsnt, of partial and annolsjr eElipaea is Indicatod by expressing tbn proportion of the diameter 
•cHpted ss a decimal of the full diameter, at the time, of the Sun's or Moan's disc ; in solar edipaes it variBw aooordiug 
to the locality, but in lunar eclipws it Is the same at any place from whteh it ia visriblet 

In a totsJ lunar ecUpse, the magnitude Is indicated as the ratio to the Moon's diaiuctcr at the time taken as I; auy 
•dlpse less than | will h* s partial one, while the maximaiu will be about Tft, but thia only unniTa when the Moon is 
sunultaneously in perigee and on the Ecliptic, "nve further the Moots is from the Ecliptic, the ohortcris the duration 
of totality, and the nearer the points of first snd laat contact to the lunar polos. 

Lunar EtiUpses, when total and cautral, may loat as long u 3 hours 46 miuntes from Ant to laat contact of the 
umbra, or up to 6 hours Including the pennmbral stage; the muimum duration of totoiity is 1 hour 43 miuutet. 
Ustially the MoOn does not altogether disappear from riew, nveu at mid'ealipHae, hut ikines with a dull toddiah-oraoge 
or greyish light, being illuminatod by sanlight refracted by the Earth's stmosphere: the colour and brightness depend 
on the amount of water vapour snd clouds present in the Earth's atmosphere at the time. On rare occasions the clonds 
intercept all er naarly all the rays that would be refracted, so tliat the Mno& beooniea nearly or altogether invisible. 

Solar EoUpaOBt both total and annular, are rarely Tjaibls from any gfren place, the 'expoctatLOD' being only one 
ia 3S0 years, Borne 3 or 4 hours elapee between firet aud last contact, bnt totality never eaewda V m. 40sees,, and 
aanaiarity 12^ minutes; both are oHoally much less. At thn- equator, both totality and coataot-lnitervaJ last about a 
quarter longer than at laL 60'. Ths width of the soTie of totality averogei less than 100 miles, but where the Sun 
in in thej^nith it may beabont 16T milea.* Partial eotar eclipsH are of little interest, the Bun merely appearing 
notched ; the tsxnpsrature may fall perceptibly, howcTor, and about mag. -97, Mercury, Veoua, and stars may appear. 

Tr^sits of Kercury and Venus,—Tramiu of Tmuf happen twice at the ehert interval of eight ycare, and 
then do not recur for over 100 years(10S^ and ISl | alternately), Ijmi tnnisito, 1B74, 1662; hcxi tmnaits, 2004, 2012, 
Mercury transits the Bun about four times in 63 years, and mt fAs tamjf node at intervala uf 7, 15, 56 ar 4G ywre. 
The tranjiits alway* happen at the desceading node in May, or at the aaijpndiog node in November. Transita take 
place in May, 1957 and 1970, and In Norembyr, 1953, lOGO, 1973, 1965, and 1999, (See Noto cm Transits, p, 43X 
* 6 qs Travk Cbarii ia ths Slf\A. t w. biqarim, «« iiar imbsm bsfon tliv otW, 


CELESTIAL 


Duiffttiotl of OCDUlt&tlonSi — The Mood 'ft mem luotiaii omoisg tlieatiLrg orQ*''55 per hour, uieen 

fi^ra ihe E&rth’i {]eDti% The Mcva^i in«tn mgoler d ivoeter l^eiog fcr b ceuttbl En:cull>Btioii her (eter) abadov 

Cbkea nwrl^ kd hqnr, an the afarege, t« piuu Lbe l^rth'a oentra, and *tiU longer a point an tile Eartb'ii Bqrfbe&t where 
by ber rotation^ an ohw-rver ia being carried in tbe aame general direction lu the shjadew ia taveiliiigr At the Eartii'a 
eq^uator the spaed te about 1030 imJeBj and at lalitudea 15‘ and 511*, 734 miles anti 640 tnU» per hour, roepentively; tbe 
duration of an oenultatlan, therefore^ aborteni with incrreaBmg iatitudo, hut in finding the notnal daratlDU, the Mcri>n'i 
varying Tolaoity and angular diameteir, and other factors, havt^ to l»e taken into a&iioaut^ The track of the centre of 
the ibadow may take itrange curres, very siinilar to those of the tracks of Tarloua solar eclipBcagiren in the 
Id the latitude of Greenwich, wine central occultationB may laat about I| hours, 

OcCUltatJOEl Period-—Owing to the weetward motion of the Moon’s node along the Ediptfo (aboet 1^* per 
nodical month), tbe Moon'i monthly path among the stars ia always changing, circling the star sphere back to the 
laine node in 18 &9 yean. ai>«ina;^ therefore, each star within about of the Ecliptic hae the chance of being 

occulked twiee during that interval, when it is passed BueoeaaiTely by the awending and deseendiiig quadrants of the 
Moon's path. These ^paasingB’ are at average intervals of years for stars on tbe Ecliptic itself; for other oocultable 
■tars thfi interval between the poasiiigs sbartens aa the distance from the Bcliptie inorfliisei (with a wrrespondingly 
iQDgur iatervol to the next pair), till, at the oconltahle limit, tbs two paasings coincida But the intervals are not 
OCnut&uL, owing to the varying inclination of the Moan’s orbit, the node’s irregular and sometinKd (as regards the mean) 
mrersed motion, ika, no ibat an dcculiation may be repeated during many monlhe—or even lomcyears^ for stars near 
the occultable limit, where the monthly paths are cliuely erawded—Ijefore the path finally departs from the star, 
TwLllg^hti from anaieat times, has been rodkoned an ending when the Sun'i centre is 18' below the horUon, 5th 
toagnitude ataips then heiog viaible in the nemth; it boa no definite duration, however, aa meteorological conditianB may 
modify it. The glow, in ita later stages is a segment of a circle, brighteat verltcaUy over the Sun, Directly oppoqit^ 
the indigo-blue segment of the nnillummated atmosphere rises froin the east as the £ucl recodes from the hori^o. 
Twilight lengtheoi with distance from the Equator, and is shortest all over the Earth about the Equinoxee. 
The total variation never exceeds half an hour below latitude 40', and in higher latitudes, some IQ-SO minutes during 
autunm, spring, and winter; hut above lah iO*, Ln lutniuer twilight lougtheus, tUl it Uats all night above 60*. Civilt 

Jlfajutu^, and Aftrwtomieal Tw^iiffhi (British jV.A.) end when the ^ttn’s centn is fi*, 1^*, and 16' below thehariaon^_tha 

first about tbe limit when “ordinary outdoor operations bedotua impradtlcable withont artificial light" Table p-^r, 
Twinkling of —Though purely atmospheric in its otigm, this phenomenon is of iurorott to astronomers, as 
it is afieoted by the nature of the light emitted by each star, ia, by its spectrum, Wh ite atars (Types B and A) twInkU 
most; yellow stars (Types F to K) slightly less, and red stars (Typo M) least of all. Twinkling is lesjit at the tenitb, and 
m nttled and calm weather; and greatost toward the harisoii, and in nnsottled and Btormy waathcr: there lb aim a 
leoaonal wajdug and waning from mld^nmmer to mid^winter and cw remit. Flanetc do not uiuoUy twinkle except 
irhen ni»r the horison—sopposed tn be dne to the foot that they have diBos of an appreciable ska. 

ffrsen Flath^ or ‘ Green Ray/ oocAsionally aeen for a second or two before the instant of Buoiet or sunrise, 
is a beautiful solar phenamenoD, due, like twinkling, to atmoaphoric causes ; it is more often visible if an opera-gloas 
is used. The genera! oonditions required are a distant, ihaTplj^fiDed, and low (prefnrehly sea) horizon i avoid looking 
at the Sun bill the lost moment. Cool weather and ahsonce of rod tints seem to favour visibility. Sometimes it takes 
the farm of a icAiic flub followed by a deep blue one. While tbe duration ia usually oalj a second or two; It tends to 
lengthen with increase in latitude, e^cially if the horUon Is noarly paralkl to the Sun's motion. In the Antarctic, 
it has been observed for 30 tainuttss. A Eed Fluth is sametimns seen as tbe Sun’s lower edge emerges from a dark 
cloud near the horizon : it may last Minutes if tho cloud’s motion is nearly the same as the Sun'a 

Aurorae are bnlievud to ofiginato in the i^um There is general agreement between the sunspot maximum **id nuni. 
mum and their greataat and least frequency, and though no definite relationiiup with luiuBpots h as yet bean demonstrated 
magnetic ■ barms and auronu frequently occur when largo spots are on or near the Bun's central meridian: they maybe 
dun to rays shot out from certain areas of the Bun's surface—not necessarily redially., or froni where a suospot is sma. 
Aurene appear in variaus forms: dljGruBe areps^ arre, rays, beams, curtains, patches, An. (details see p. 44]h The 
ordinary height is some 67 to 300 kilomctrre (55-130 miles), bat altitudes of 1000 km. (620m.) l^ve been recorded. 

Aurorm are most frequent about tb* time cf tlie eqoloDxea^-eBpsciaUy just after.* In Eurepe, some tbirtj may be 
seen annually on the line InvurueM-Oslo; south of tiiat line the number rapidly falls off, and sauth of the latitude of 
Parisi, they appear only at lon^ intervals. In America the correspauding limits are Quel;eo-Alaaka, and WaBbingtoiL. 

The colour of Aurerw is ordinarily faint white, silvery or delicate greau in tbe brighter parts ; red may appear, 
eapeoiolly in the diffused type, or towards the lower edge of other type^ and tuay paw into yellow-green. The aurorel 
spectrum (also that of the night sky, faintly), hsa a choreoteristlc green line—^5T7—doe to oxygen and nitregeiL 
Liuninoiu phenomena, simulating auroral forma, also occur (rarely) near or oven at gmqnd level, and owing to 
undoubtad theoretical di fficultiea (iu our present statoof knowletige) are usually attributed to mist or optical illuslnn. 
These explauatians, boweveri dn not account for the apparent absonre of reports of such llluriiunS from the regions of 
lesser aurond activity, where they arc equally likely to occur, nor do they natisfy an actual witness of a ^low aoxcre.^ 
'* ’ Aurvnv,' BriLUimica., lllh sdluso. 



VL HINTS ON OBSERVING. &c. 


Atmoaphsrle Condition^-—T* the beit re«ulti, objetiU thcsJd b« vwired wbeti thej kn uji fAr u poudbl# 

*!wTe tha bnriwm^ i.#,, when Dear eiilTninntioa. Satiiifflctory obaorvatiioru ba mmda of ubjeata at law altiltiilee^ 

awitig to the inoreaaocJ intarraniug tlklatiieH of the atmosphere, aod th« liaxe asd imat which aq oftijn obacura tho 
horitoo, The mghti whea the wkj ii rlarkaitj and the itari mant brilliant^ are not alwaji tho beat for obserTatioiia^ 
Paint and ill^eflnrd objecta, endi ai aome nebnl^ niay, howcTer, often be eeMi to advantage on auch nigbta 

Uttring a ■ tight haae,, tha air £■ often very ateady, nnd aplendid vIati qf bright objeete may then Tjo obtoinodl, 
H the atan twinltSe maoh, it indioates that the air ia unateady and not altogether Httisfaetory for obecrratlon. 

Viewing' Faint Objects,’— The eye be<iuines maoh more BeoKtive to faint Impre^iions after it has been kept 
in the dark for a conaiderable time, A alight change of foaui it often reetfnl to the tired ey#^ 

Very faint objeetif othorarive loviBitfle, may eometinnse be detected by averted vunen: the aye ia directed to 
aDoUierpart of the jaeld^ while the attentian fa fl*ed on the apot where the ebjeot Iv Bupp^jFsd to be. 

fitiLklng Not^tS T Consulting Charts, —A buL'aeye lantern with a aUde to abut off the light ia of great qae. 

A eyala lamp may be iitilijftd by the occMional obearver A pbotographJe red lamp is oven bettor, as it does not a^feet 
the xenaitL^eneBi of the eye. It may be placed on a support at Home distanoo from the ohseirer, and lo dlreobed u 
to throw a/oiTil light on the book or card, when ootm oraketehei are being made at, the teloscopoi, A strong light 
■houEd be avoided, as it makes the eye lesH aoniltiTia for ohaer^ationn 

A imall table to hoM the maps and other book** with a lantern having « shade to throw the light dewnw&rdB, 
lest the direct rays of light shonld reach the eye. Is almost a necessity; a apeelal shelf maybe fijted up in an out-ham*. 

All observations should be written down at the time^ when they ar* made. Thcnotei ihould be clearly worded, 
and ibonld have entered oa them the yaafi month, day, hour, and minute of the observation, together with the aperture 
and poa'^frpof the teleseepo, and the state of the air. In Earihihine observations, the tomporatore, baroinetfir reading, 
and direction of the wind shonM also be notsd^ ai meteorological conditiooa have Bome mflueno* on the brightcKBs. 

DJpoctlOll In nn IttVfirtlnjf T0]6SCO|ifii4.~Tn the ioverted view of an objeet, a* seen in astronomJea] telsBcopM 
(except 'Qregorianji''), to observeia in the Northern Hemuphere the upper part of the field of view it wjuth^ while 
the lower part i« north j east is on the right hand of the object, and west on its left side. 

To obsarvors south of the Equator the reverse i* the caao j the upper part of the field Ls norths and the lower 
sionth j east is on the loft hand of the objaot i west, on its right. 

For ciroumpolar stars,, however {is. those a leas oumhfr of degrees from the Polo than the observer), the rule does 
not hold, ai the observer is facing the other way, and objeets on opposite sidei of the Pole are moving in opposite directiona, 
Nortb FrecedJng', —To get over these dlfflciiltiei in desqribtng how to And a oeloslfal object in the field of 

view, tlie phraoet * North (or Sooth) proceduig/ 'North (or South) following/ a oortaio siar,^ an commonly need. iToril 
(or indioateB that the objeet is nearer the North (or South) celeatial pole than the star roferrod to; Pmoetiin^ that 

iU Right AMcensioii U firs# than that of the lefonoce stw, anij that its E,A. is yraatar^ thus indictiUng the 


OBSERVim. 


Ob^arvlfig^ the Suzl—I t dinj!«rcDB tc ittetupt tovitw tbaSun nu]<fB* proper pre»otioni are ukeai 

blbiineoH maj bo the peanttf tif ™lnie«a or ^oranoe. A perloctl^' safe motliod ia to lupport a «i;QDDtb^ vhlte eanJ. 
a& the diaLojice of a^Kiut a fbot from the A^e-pieEie, and to fooua tlm ima^ of the gnn projitcted ou it. Th« aoreeii 
ahould bo held Ea m covered fnmo-wark or bol^ and the pieture of the Sun viewed through a hole Eu one of the aEdti*, 
It^ Ob tho other hand, tha Sun ii rievod direetlj through a djark-gtaea cap^ a larger aperture than 2 inchea cannot 
safeE^ ho used In the heat of tumirten A atop made of a eard^ with a circular hole ol 2 inche« or lew in dlameleFi 
tibould be fitted over the objpcrt glastn of a larger indtruinentT to reduce the amount of light and beat tranutnitted: thi^ 
however^ tende to reduee the ■hatpneae of the defiiiitlaiL A apecial solar ejno-piece can be obtabed which enabtea full 
apartorpa to be need with safety^ 

Ob^arrln^ P^pomtib^ncos* bj the ipectrotcope. The edge of the iMage should be made to fall on the 

nearly^loeed slit of the appqtmflCope^—which most be one of considerable dispersive power. Thetelesoope should then 
be driven (preferably by cldekwprk) sp as Ui keep the image in the sanie poeiUon, The spectrasoope is next focusaed 
on one of the hydrogen Unea of the t|}eetrum^ and, on the abt being oponed, the prcEnitience will be seen. Ooodi 
views may be obtained Ln thie way, using a S-ineh teloecop* with a epBctrosaopB having several prisma, 

Obsarrlng^ Sunspots—In studying their motion aoroaa the diae from nsat to wwt (s«e note, p 39, as to direuLion 
in inTerting telescopes.), the positmn angle (p. fi) of the Fuji's axis requires to be taken Into oorkaideration^ as the 
applet path varin aocordlng to the time of the year. The spots only move in straight lines oaross the disc about 
June fi and December 7, on which dates alonu the solar equator k Seen w a straight line on the disc, dividing it into 
two humisphprest with the poles exactly on the limb. At all other times, one pole alone is visIble^—very near the 
limb owing to foreshorteniag-—and the lolar equa tor Ues on one nide or other of the apparent centre of the disc, aod is 
curved downwards or upwards, as ars also the paths of the spots : maximum curvature northwartis, about March 7; 
aonthwards, about Sept. d. Snikipots take about a fortnight to traverse the disc from limb tp Umb, and will reappear 
after the tame interval if they survive. Kaked-eye spots have a diameter not less tban about l/3&th of tha disc (31*X 
The variation of tbs position angle of the Sun's axis dnring the year (for the iTorM p4le]l is about cs follows^— 
Jan. 6, Jclj 7, 0" Feb. 23, May 19, SO* W. || July T, Jan. 5, 0‘ Aug. Nov. 20, SO* E, 

„ 36, June 26, IS'W. Mar. T, May 6, 33'wJ „ 19, Dec. 26, fi'E. Sapt. 8, Nov. 9, 23* E. 

„ 27* ,* IS, 10" W. „ la, Apt. 26, 26* W. „ 30, „ 16, lO'E. | „ 21, Oct. 30, 26'K. 

Feb. S, Juno 6, 14* W. April 9* ... 26*42'wj Aug. 13, Deo. 7, 14*E. Dot. LI, 26'42‘E. 
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Near the tim» of tbs gre&t«st iuelination of the axis to tbe hour^ircle, spots just appearing on the limb in the 
high spoc^latitade ef 45*;, ate, by the inexperienced, apt to be taken os being near the poloa 

The number uf degrees the solar equator is below or above the centre of the disc on varisus dates, is given in tbe 
^faiuti m i .Iffiuinds, coEumn Bq, ' HoUographic latitude of the Earth,' + indicating chat the spot-path is eujwod south¬ 
wards, and - that it k uunrod northwards. The longitude of the spot on the surface can be found whoa It arrives 
ball'waj across the dke, from che column ' Heliographio longitude of the centre of the disa' 

Observing thB BlOOft*—W^ith a low power* and a fair-rind tslnoope, the glare of the Moon la very trying to 
tba eye, and a tinted glus, mounted In the same way as the dark glus ol the lolar eye-pince cap, may be need. 
Beducing the aperture uibets the sliarpneu of the definitJon. When the Moon is in perigee, the brightness is apprsoiabl j 
greater than when the is In apogee, the ratio being nearly as 4 Is to 3. Beabaoen conditions of each phaae, p,29, 
ObaerVln;^ Luubt £ clips a a— Mid-winter scUpses have the beat altitude cenditions, uud-summsr ones the leoat 
kvourable, for the rsoion given p. 2$. First contact ia always ou the £, side of iha diso, and through the tclsacope the 
Eartlj's shadow may be seen sweeping slowly across It^ but the edge is not sharply defined. It shonld be noticed that 
from Gret to last, thn ‘ preoeding- edge of the umbra Is always uniformly convex, unlike the dark terminator of the 
ypang Moon, which, though oouvex at Erst, daily growa leas couvex, till* at First Quarter, It Is straight, and 
finally bocoines incncaxingly concave. Similarly, tbe ' following' edgfr of the urn bra it also al ways convex. Phenomena 
that may be noted are the vidhUity or other wiae of the myi, and of pfomment cratora, Sfc., such as Aristanxliui aitd 
Clipemiciuf I also the variatloni of colour as the ecEIpse progmua, on diiTereat parts of the diao. 
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Obaerrlng' the Superior PlanetSu—In bHmpsrate Utitudei^ mmmsr obsert^LioM of tliBBS pltnei* ha 
ccniduated undar wnfftToiiriblo oouditioni » U> aibitadd \ in winter, th* dtitude oondition* am lJio niMt fiTburable. 
Thii naniti tram the pUneU being »lw*y 4 near the Eeliptie, m that their hlghiwt altitude atwTe tin oTMerve^i 
hcifkob At eulniinatlau ii mncJi the ukcae aa that of the Ectiptie where it outs hie meridiBiii. At uid-iummcr, mid^ 
night oulmmation in at iU Eowart, Hnd m raid-winter at ib higbeai. Tliui obeer^eM in the N^orthom heminpbete, out- 
aide the tropioa^ are batter for olwor¥ing the oppoMtioni between Ootober and March, than thee* in th* 

Southern hemuphero, while ohaartermin the latter a™ better phiead for eating oppoiitlona between April and September, 
A euriona offisct of the two-year lyaodie period of Mare ia, that for some oighteen montht or m in apceftMion, he 
ia viiihlfi at norao time or other every night, then becomea loit in twilight and daylight for ■ome four or ria monthi. 
The angular diameter, or semiMfiametar, of a planet'* di« on any date, will be found in almanaoe; thr diagram 
Indicatee, on a uaiform w»lo, the rang* of dliangoe, and retativa tuei, of thadia^ and the faTOurableneaBj orotherwu^ 
of the sire of the diic nan suilr be inferred by raferanoe to the mean diameter. 



Hafaim.Kin.ir ll«nL IT' IUl 11". Ufanua if ■ liJCT-llJalp KfaJi.!*' Kuatupiir lU*.JupU«J-. Kdal*" Ku.H''. 

ObsePVlttgr Mercury and Venus.—The moat favourable neaaona of the yaar aro indicated on page 33. For 
Mar our 7 , Southern obwrrare huFO the bait conditioiu, » hi* maiEmum eioogatton oceuM when heie in S. Dactination. 

0l5S@I"V!il.|f OcoaltatlcnS-—Begmneim will probably be rather pUEsied to Icnow the direction in which the Moon 
win appniaeh the itar, owing to the varying poaition of the Moon'i axia with reipeot to the horizon; the dlreotioo, 
however, i« apprnildiataly at right angles to the lino Joinirtg the nu*pa. or horna of the Moon. 

The MoouV mean hourly motiDn being fully I'* the rate of approaeh ii about a quarter of the Moon'a diaMiler in 
1+ minutem or the apparent diameter of Hipparchue In about inimt**, or of Coperiiic.t|i In about 1-J tninutii. The 
tunOt however, la modiScHi by the latitude of the obaerveri Ac. 

Observing' thib Zodl&Cfll Ll|fht.—A* the ujtis of the Light approEimately ooinddea with the Bcliptict tbemoat 
favourable condition* Id temperate laLitqdei aro when the Hctiptie i* mq*t nearly vertical to the horizon soon after 
nunaet, or before Btmriao^ which in the e vening i* before the Spring equinox, and In the morning after the Autumnit] 
w|uiuosz, of each hemiiphere. The nearact approach to verticaliiy ia always when 6 hw. K-A ie on tlie meridian {N. 
HBmvphere), or IS hra, {S. Heimiphere); at that inatant, boo^ both the direction of the lowMt portion of the Light, 
alw iiiE vertlcallty, an moit eaailj fouud, a* the EetipEie then intariectii tbe hodcon exactly due watt and due eaat,* 
aud It* angle with the horiapn ii equal to the oo-Lititnde of the ob»rrerpfii# 23 J-'. 

The Zodiacal light proper cannot be longer above th" horizon thzn *ix hours after euutet, or before eqnrise, a* 
iti exteninon from the Sun la reckoned aa about 90’, but of oourae it will only b* diatinguiBhable for a much ahurter 
period, twilight preventing obiervation for perhaps an hour after an nut, Id the higher temperate latitude*; and the 
haze of the heriion obururing ita faint extremity for long before Mtting. For brightneaa, compare with Mdlty Way, 

The Table below givae the upproximAte dates end hour* when ih* Ecliptic is most nearly vertical during the short 
obfwrviiig season. Thedateaat the top am for the N, Hemiaphera; those at the foot {In italic) for the S. Heminphnirc. 
The pDsitlon of the foot of the Light on the horizon for three or four hour* after (or before) the hours mentioned 
ii eft*ily found, aa iu movement in as.lmuth westwards, may be taken as about 6* per hour, aver that period; 
similarly, the decrease per hoar in Incliuatton after (or before) graateflt verticality ia, roughly, 2'. 

Feb. D Fobtia FohBO FcU37 Mar. 7 Mrtr.I4 Mar,.32 11 Scpt.a2 ScpLSS Oet7 OnLU OcLSS Octaa Kovy 

flp.m- SW 7-30 7p.m. e® Ha.m. 430 4Ji-m. 330 Sam. 

Aliff.e Auff.iS .ivif.Sl %it4 £eptjs Apr£ Apr.15 J/ayg 

Observing' the Mtlky Way,—The Milky Way oireles round the Oeljwtial pqja once each ildereal day, its 
eentral hue patuLog within 3T* of tho N.peie, In the W of CaseiopeLo, and within 27' of the A pole, near a Cracia 

In the N. hemiephera^ In the latitude of Britain ^^rid idj,a U, S. A., iLpauu through or near the senith during the heun 
when B.A 23 hr*, W4 hr*, are on the meridian; Lhervatier ft approaehc* the horuon, till, when KA. 13 hn. ia cn the 
meridlan^and. for lome time befora and after—It Uea so oleae along the M. hcriiuni for moat of it* viuhle length that it 
is hardly observable,^ after which It* altitude begins to increase agun. The Caasiopeia-Argn section la visible to Its 
y rntTfiHniim aitflut wbsD E.A hi*^ IA on the meridian, and the Oaaaiopoia^orpiua aectimv when K.A Hh, i* on tha 
meridian, hub the portioju near tho horizon are not w*H wen. For favourable ohaeFrlng times, eowjuU Table p, i|t. 

In the S. hemlapherc, in tha latitude of Gape Colony and Soutliani Anitratla, the oorresponding phase* a»:—over¬ 
head, E. A. lOhrs. to lOhra. on the meridiim; on the borixon^ E>A. 1 hr. on the lucridium The Ornx-Gygnns and Crux- 
FerseuEsectionaare viiible to their maximu m exUrat whenB.A. SOhrt. and R.A 4hr*,, reHpecClvely, are on the meridian. 

^ * Th* eiQiu|iB*i-duw[HiB nquim wVrKtJDa for the msfDvtle TSTistivii; «*« l-iueh QuYBrumsDl Mmpi, 
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Ob^Erring' Vai*ia’bl® S tarsi—Tho 'rariablo' i# oom[Mir«] vith neighbaurinj^ »t«n of limiUr biigbioou 
ftnd sf known inR^itada Two coioparLeoa scan ore found, qua nthsr brigli&er tbi&a tha TartabU, tba othfrr aEightl^ 
fflineeT j tbe magnitude of tbo 'V'ariable will ba bfitToan tho«a of iba oomppri»n atuTtf and tho nearor ^nir ma^nitudei, 
tho mora Aoaurate tha results Exeept for rough ofttimato*, aontologae of ningnitudei U rei|iurodl« or a. $peQSjLl alar chart, 
•ooh M thoAO (or Norv and Lnloreating rariabk* givaa from tiino to tioia in tba Britiah Aaijou. Aiauocntion Joamal, 
or 'Be^uanoeBr' lUtd al auuidanl itars, arranged in order of magnitude for thia parpoae. 

The (iatw of Fnaaiuaand minima are reqordied by the Julian Daj which be^lnj it not midnight, 

(p. 9^_and decimak of a day, bat obaorrationa oannot always ha ninrJe, aa biio date may fall wlieii tho atar ia near thw 

Sun, or during moonlight. The annual B.A.Ah Hand hook givoi uaefiil ohsorT^-Mig^ infortoatioD^ dilea of maiima, 4c. 

It is ioiportnnlL^ where pcuathle, i(a] toohiorvothe star when at Ita higlicat attitude j (h) that the oompariaun atan 
he aboot the aame altitude, «u that atmuKpherio abiorptioi) {sea below) will equally aETect their inagiiiLudE!a j («) that 
they be aa nearly h pouible atmikr in colonr to the variable, at it is rery difficult to estimate correctly the real 
relative hrightneis of two stAra dilFerlng widely in colour, la, for iiutaeae, in the caw of Betelgeuat and BigeL For 
a auriani optical phenomenoti—Itnown as the FnrftinjV coraeji into play, namelyi that if red and grtea 

lighte, appearing equally bTight, are inercaaed or deoreaicd in tho same ration in nttitker oaae will they now appear of 
equal brightness; the red will iwm the brighter when the light U increased, but the green when the light is decroased. 


Kstimatliiff Mflg-nltUdea: Atmospheric Absorption,—-For ncmirate valuation of the magnitudea of briirht 
variable stara if the eemparkon atam are nob about the same ytitude, allowance must bs [node fer the diJfcrcnce, ai 
ntmospberic absorpLion dimininhea the brlghtne^a (apart from hazo) by appraximately the following oi^gnitudeG;— 


Seufth distance. I 

47* 

6S‘ 

G4' 

fiO' 1 

Tl* 

73' 

TS' 

7r 

75* 

' so- 

04' 

se* 

m' 

89' 

No. of ma^. diminished. 


iVh* 

E ^Vths 




TUlhi 
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l^au 

3m. 

2^m. 

dm. 

Altitude above hortznn. 

43' 

33‘ 

[ 26' 

ar 

1 19* 

1 ir 

15' 

13* 

ir 

1 10- 

6' 

V 

2' 

1' 


Coia&t Seetillff.—Jn searching for comets, a telsnsope of fairly largo aperture and of short focal length, with aa 
eye-piece of low power haring a large held of view, thould be uieiL The observer ahoald riowiy 'sweep' (i.e., move 
the telescope in a hnrizoutal direction) for aonio distaace, a careful watch being kept all the time. At tbe end of 
the sweep the teliiscope li raisud or lownred, and an overlapping aweap is taken In the opposite direction. 

Thii prwees la repeated oonti nnonalji Hboitlil a nobulouadooking object be nocieoil, the comethunter must look la 
his oatalogtLD of nebnlii to ko if the ohjnut can he identified. If noE, he ahonld draw a careful sketch of it;a pcdtlon 
among the nelghbonring stare. If In the course of time any movctocnt can be detected, and the place of the sue. 
paeted ohjccL doei not agree with that of any known comet, its poalliun should bo determined a« accurately as meaui 
will allow, and a telegram giving particulars should bn nont to Greenwich (or the ootTHpondlng) Observatory, 

Obaerrlngf Transits.—There are four contaata : eoniaei^ at ingnou and egress, t.e., entering or leaving 

the ^ud'a or planet's bmh ; anri infAT^toJ, when entering completely on or beginning to depart from, the disc. 

The Blinck Drtf^Pf soAu at mternal oontoot when Vsnus fsometimw Mercury) is just touching the Sun's limb, is a 
□mdous drawing-out of the planet's hiiofc dke to dm Sun's Umb, in a broad, hand or Upturn, which gives it the appear¬ 
ance of ft drop of black Ink hanging internally fmm the Sun's Utah. In a few socotids the band cod tracts, then breaks ; 
this renders the instant of jnbartial contact uncertaLn. A very narrow brilliant circle of light Is sennetimes scon sur¬ 
rounding Vfl&UH near first and last coniacte; It is probably due to sunlight refracted by ber atm enpheru. 

ObSSPring" Nebalffi.—These faint objeatiloso least light by ntmospberie aluorptian when near Lheaeiilth, hBnce 
tbneo nltnwinjij a preference for th«! Galoatic pUneare most favourably situated wheu the Milky Way is nearly overhead, 
but those Avowing a prefrirGiicn (or the Gnlactic poles, when the Milky Way lies near the homon. Suitable timea 
obeervntinn can b& (uund by the notLis on 11, atoEtg with the Table of aidaraoj Time on p.iiv. 

Observing' EhJ'thShLn3.^—The degree uf visibility of thcoutlinBa of the Maria, and of Aristarchus, Copernicus, 
and other prominent orators, afifbrds a good Index of the state of the atmosphem The thermometer and barometor read- 
and dlrecCton of the wind should be noted, as meteorulcgtcal conditiona tare soma inllueiice on the brightness 
(^bLS^PVing' Nqt^.—T he following changes generally oogur in thn spectra and colour; there may be considerabl* 
nriations from the normal, some stages Euiesing, uid inLliriduiil pecallaritieB, I. A.U. l^otatiou (1932, 1^38) below. 

L CantiononH spoctrum i ... White 6. JlydregHn liccfl hrightM up [ Red fil Star now a planeiojy nebula, 

Sr llydri^n liimp diHihED: bright 4 dork lines: „ G. Hydlingeo linea Ikde : ... Orauge h. KabulmliiHia fadn; Mpcsctrnm 

3, Liniw widen ; eautimmm ■pominin fodOa. T, KohuliliniM man promiuont now fairtlj sontlnimuB, 

•h Kebula Udm apt'.icar: .. Yellow then hydrogcfi ooea, ... Blukh bright Wolf-Bajetbticda 

4a; aheorpticffli lines and bright bonds (faint). Qh ; stronger abnorp tines (msinty enhasced oaetallLe, many doable) and bright 
bonda 4c; abflnrptlan metallic luiesi of 0. i/c, enhanced mutollie lines predominating, 4d ; u hut goBeous liiies pFedem- 
Inating. Qu; bread nsbulouaenuciionbAuda near ^34B(}, A, 4fl4£i. 4^; bright bands (tnbaaocd jV, j^); sbsDTpdonlinea faint¬ 
ly; as Qx, bright uebntsr banda Qs; bnght nebular and weak Wdlf-Kayet Lianda. Qz-OS-; u Qe, WpJf-Bayet bondu itroi^ 
Ctombinaticn spectra liulicatHl by oomtuning tbesmal] IctUm^ placing tbe moot prenunent first. 


Bametimia J.AD.—Juilsa a«4r»9mlwil Dsf, 


oMSH rzm 


Ohsarving ffl&teors^—Showm tnm witlun or new* tbe otivLa of th* * ilwijiMeeii' iLaHt of Hiy locality 

kino obaarv^ble kll mgbt^ more or tesi^ hnt tbd oburring' iDtorvil ahorten* m tbfi diatkiice' fi^om tbat cirolo incirekeftfli 
iLQ.'biif tiff tbe noro remoto^ oboold th.-e oqlmlDAtioii'boor bo tosuty houro of tor the shcHFCP ij DfiTOir oTboorTaVil# 

from that ktUoda except for m few bcHiifa before niiruja. Thtti tlto NoTomber Locmid ihoTer ia only * mousing ono 
m the roidiwit abont and only riae» about zuidnight^ Sama meteor* a radiant jitat belo^ 

tbe bonaon may bo Tialbile, hoireTor. The posgibJe obaeriritig-lioiirm can be fonnd from tJiO atar Table on pag* 

Tbe following a» tbo important point* to noLat—Dale j Oreenwioh Mean Time T,j ^T.T-) of appearance j 

KrA. and Dea of beg inning and end of €tgb1^ and dnraliEon in aecoDda j coLoar ami atellar maE^iltudo, ftating compariacn 
path] il itruight or wayy; ur train, if aIly^, and tbe oolour, ducation, direction and (peed of drift; 

any other notea, A Jrfrwajp ii the faLCit, phoephorcecent tiatriuw baud, loinetiinM oolonred, wbieb endwrei for a 
time along the path of some mataari; a a ipaflEdihre and niualLy quieklyHdianppearing appendage. The R.A. 

ihouJid be itated in degreoi (a» oonvenioiL Table l^low), *nd tbe obearTation eonnnunicated to the Directar* Meteor 
^tion of the BrEtiah Aatrenamical Aiioeiatioii, Londoa, or to tbe Amenoan Meteor Society. GattibridgO,, Mi^ 
For oosuting eecooda, the woH-tnown pbotagrapiue rule * Ona^ two^ tbreep ohi ; one, two, thrw, Twp ; &o.', pro¬ 
nounced rapidly bat distinctly, giTOfl ^ery naar roflulti. 

Ust^of Important Showers,—The Badlant poeition may ohange a degree or two on ■ueceeaira daya, and a 
iook-out ahouJd he kept before and after the date* giTon, as Jaap year adjuntmenta eaoae wnall variations. For 
a Radiant on OToiy nlgbt of the year, sw E.A.A- Handbook, 1923; and lint of I£300 radianta, J/em, toL 63. 

The aisilama bndHl 'CuL' Ih# Huliint'i ippronimata hmir of irulailiiitlon on tb* ealirKi ^tn, '»' dtupiittff a-imi 'p 
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^OI«IL ■ inrHciLiB iflaiuta uunnuijr Piiu --Ei- -- —r -- —- 

a* +41“ to 9rr +er (Andiom. teCamdoF^). *Tho Loonids, or Nc?flmb 0 r metaoi^ are aaan at th«r beatabont btbtt 33 jmi 
plutifol in 1790, 1B33, aod i66fi, hui the 1000 diirpUy wm not brlHiaat owing to tbe dinorbAnw of their orbit by Jnpltar. 

* Long jifttlw, before nonriPB; HaUay’n comtit • PoM-Winnetke'* coinet • Oooict 1S81V. *Bialas oomot, 

B. A. Hours & MlnotiOS conyorted Inlo Degrees, or vice vefsa; l mliL -i'. (Readi oontiiitioBilyecrMi pag^^ 
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44 TIfS CAKE Ai^D USE OP THE TEIESCOFK 

ObSflFVill^ Aurop^ (im atn® p. Thoie in faTtjnrfabla ibould VAtcIl duHng tjiQ mon UtiT« portifiD 

of ths tiuupot p«Hod, or wboB thore i« oonfiderabb lalitr octiritj^ Mpecially i]»r the eiqtimoMi, 

ArCM end BaruU abnettah fl^rau the tkf, 4Dd iDtty hjive euaiiderahle por^fiteneo; the l&tter Kppejur Uke portiou 
of erci. Eayt or etrEniaarf ieom to flicker, and are more or leu radial to the band or are ^ Bmmt are long bright 
raja, of eaqulutd gnwn or red, like search'ligh ta Ct»r£ainj hare tnirioDJ oonToletioiu, and are tegre or leu parallel 
to the horUou, the loirer edge hemg moat oonbinnoai. F€Uchn are iaolated oral or glabolar areai re&eiohljDg faint bat 
(joile tranaparent elsuda; J>i^uh AutioriB ar« largo arfaa, ofteo eotmired, with do deflniie ouUiim Corona, rare, hu% 
exceed inglj Hne, are largo BtarHeh-ahaped ovala^ vlth dark centra, from Thicb bright oarraw fliakoring handa may ex¬ 
tend to the baruoa. The Barh Saffmtnt ii the gloomy portion of bha eky beneath the arah or etreamera, la Thlch the 
etar? jn&y be hardlj or not at all riaibte. yarioai typen may be laon diiring a diaplaj. 

In 17. temperate latitodea, the centre of disturbance ia in a northerly ditacticn—not noeuearily in the dirocdoci 
of the magnetic pole, u !■ often soppoecd^ a patch, aniy or corona may bo orerhaad, or eren aatitli p| it Raya often 
appear to flaah or flicker, and in arce and bands a flickering from mda to aide ii lometimet aeon—not alwayi in the aamn 
dlreetioD—and portlona may auddenly Wigbton Dp and bgonme centm from Yhieh the diitorbancea appear to trareL 
The chief poinu to notice am the type, eolonr, brightnue u sompared nith the Milky Way, height nf loTer edge 
■bore the horinn, and widths direotioo of the centre of the dietarbance (allov for 'magiietie Tariation‘ of the ocmpaas), 
and tim« of tho variou phasn. Also note the barDmeCerand thermometer rutdingi, and directinn and force of tha wind. 

The angql^r hrwdEb kiid length of persiitent area, banda, uid pacchoe, ahoidd be carefully gauged by refemnoe 
to the dialance between nolgbbautipg etan; aUc the angular dii Lance, from weil-knowD itan, of the upper and lever 
edgea. The nn^ ahnutd be repflated at ioterrali, the timu being earelullj noted, ae the height and dutance ef the 
anrora might be oalonlated from unmltancouB observatLoiie (btmd notee to the E.A.A., Aororm Section, Lemdon), 


vn. THE CARE AND USE OF THE TELESCOPE. 

AstrOnuiflleal Tel^scop^S ate uf two kjnda^relracting and reflecting. Soth rarietjei are rated aDcordifigto thdr 
■ aperture, “ as t ho dtar diameter of the largo Eena in refracting teletcrapei, or of the m iiror in reflec ting ieleRcopm, ia called. 

The larger the aperLarq, the more powerful the telescope in ^ligh^gathw^ng' power, i.i„ in rendering visible faint 
objecta; and, as this power ^thaoretioally) increMU in proportinn to thesfuar«of thadiaraater, alclosGopg of dlnchH 
aperture is twice as poworful as got of 3 inches, while a i^iuch has nearly twice the power of a 3-tiich, nr fcar times 
that of a S-inah (actual ratiiii, 4, fl, Ifl), In refmctoTi, however, the thooretiaat power falh otf rapidly with inoreasing 
diameter, the ever-thickoning objoat-glau absorbing more aad more light, though ruflectun under lOiba are nottjuiio 
eo poworful as faffaetors of ecjual iiia For astmnHnnic&l purposes, m ^inch taiHunpc is about the smallest that can be 
UBBtl with flattsiiMtion, though pleasing riows of many objects may be cbLaiaed with smaller telescopes of good quality, 

apartart) i iiL. IJin. flin. 2tfn. flim Si in. 4im 4im. bin. 6in. Sin. lOin. 12bi, 

Ultmii tine iiivvtid fupj/ms.) S S SS" 1 fll" 1 StT 114'' l-or Q-sr fl-Te" O S^ 0 40?' 0 3tf* 

rtrv jfAdVfl < „ Jtnag-fifl B-fl 10-ft llH U 4 ISD IS'3 11’9 IS-ft ISil 140 J4'4 

THE HEFRACTOR essentially connuta of two convei leneaa—(i^a lar^^ane of considerible focal length, known 
as the pl'aM, which fortna at iia louni an image of the diatant itAr or ether objeot, and (iij^ a small lens nf much 
ihortur fix:aL length ; this is called th* and is uSod to magnify the image formed by the object glara. 

Thu Objout frla33 is the must important part of the refractor, as its ezoellenoa deponiii) on (be accuracy of the 
eurrsi of the leaser the higbneas of their polish, and their tiau.sparonoy. In all aitroaemioal telewopes worthy of 
the name, the object glass is ‘aebromatic^; that ii to tay, it is compossLl of two (Mmatimee three) lenses of equal size, 
bfot made of glauee of diif^rent density. These are no properttcoeci as to foria an image almokt free from the false 
eoloora which are iD.9vitably present whoo a bripht object Is riewod through an object glass couiiiting of a single lens. 
A good object glaas requires to bo treated with the must sDrapuloiie cara FoLtnw esrefully the notes on p, 4&, 

THE REFLECTOR'—In this (orm, of telescope a large, coniiava, parsboUc^urred mirror takes the plate of the 
object glass of the refractor The Large adrmr is held in a «ll at the lower end of the large tube. The i»yi of light 
from the object pass down the tube and nrs reflected hack. The reflected, conTergeat rays are mtorrepted-- 

(1) la the "Kewtonian’ form of toEe&oope, either by a small, elUptiul, plane mirror (*Dat^, or by a right-angled 
totally-reflecting prism, whiob reflects them at right anglss through the side nf the telescope to Lhe eye-piene. 
(3) In the ‘Cassegrainiaii' form, by a small eonvex mirror, which reflects them back again, tbrougb a hole 3n th# 
cnntf# of the Urgn mirror to the eyepien#] or (5) In the ‘Gregorian’ form, by a small noueaT# mirror. 

The NewtonLan and CaBsegrainlan forme, like refractoro, giro an inrerted image; th# Gregorian, an trme image. 
The Oassegramian fotin gives a greater foesJ length and larger image than Newtonians of the s&me apOrtu re and lengthy 
hut ifa field of view is smaller and the image fainter. Or4!At tsleaiieipes are sometimes designed to use bath forma. 

Mirrors am nsually made of glasR, cm wbigl) a film of sUvof is dopodtsd '□hemically ; this is vety oarily tamEsha] (pL4Bh uid 
vaporisod sbimminm is now often used, which Is about aa effiaiant lu fresh silver, lasts years with little deterioration, and roflects 
tha eltra-vlolrt rmya and Mtuq end of tha spBotrum better—rjf groat adrsnlage pbotographicatlr—hut the red and infra-rod ray* 
less effidoDtly. Btainleas etwl mierws last well, but only give flB% effirioucy, oompaiud with iia &05; averogo of froah sLIrw. 

An unsilvarBd glass mirror and ^flat'—wbich ivdacci tho sunlight and heat reflected by mmo S0%-—snabla aokr ohserratinos 
to be mods with fairly luge aporturoa, giviug impravod deflniUon i a dark glass or solar eyepiece, however, is still neowary. 


THE CARS AND USE OF THE TEIESCOPK 


Eye-ploceS-—Tht»e are nised to the image formed by the objeot^liui or tbo large tnlrror. For Ttiy Mgh 

powen, tmd in apecU! iwee, m iingle Eeni is eometimee used to mmimuo losa of light, hut getuvmlly an eye-pfeoe 
ocrowite of two lenoeo—• Fiwfd few, fqrthest from the eye; and an Eye len*, nearait tto eye. Thtoe ar^ mouQt^ ia 
a jtliort tube which aer^ws or, prefErabSyp alips into the foouosing'tabe of the teleseopu^ 

PdaitiVO and Neg^tlrd Eye-piecda,—Ejo-pieoea am of two typee:^— ( 9 ) Faftetw, in which the miage-pUne {i 
outftide the eya-piece—between It and the ohjeot^gliiuia or min>or—ao that it can be naed with a micrometer, (t) NEgAtim^ 
which cannot be employed with « mieroineter, h the image-plane liea ineide the eye-piece. 

lUTGPted Irnag'&—All »tronomioal eye-piece« ahow the object inverted (nideaa oaed with Gregorianc), hot thie 
U of no disadvantage in practice. To make tbo objeot appear right way gp reqairce additional lomseiu or priame, which 
abnorb light, makiiig the Linage {ointer with no oQinpoiiHatjiiggain. Among many vanotiefl of eyc-piecofl, are the:— 

Hof genian eye-picoH (ne^tLvn^—The meat canmiaD iorm, ewd ptono-canv-as leui^ having their iSat ourfiMH utwacda the 
eyoi ^ote tliat, thongh negatim fine orcM-wirea can be ineert^ on Ita dLapbrngin, at the foonq of the eye leno, Tor u» in 
a. '■finder"' (p4 +5]^ or for "guliling" in oelcotial fdioiography—oaing rnment, or Uireadicig thmugh imall hoica. 

Rameden eyo-pdecc (pDeilive),~TwD pItiiH>-oonvHx: lonBaa with tfasir plane ftoce outwani, Field of view ^'fiatter'* that 
ot tlj,« Huygenian, Ce., not so blur^ round the edge* whan the oantiw in ahorply foeusead. Fuforms web on pTanata 
Tclleii Selid Ocniar (ncfjtativeJ ii practically a Huygenian aya-plooe mode nnt of • eingle gliaas cyliiidif, the foci of iti 
euirad coda blling inoide it, TranamitB more light tbu the Euygonian, and givM very good dofiiiEtloin when wall modo, 
Otthewoopac c^pieoe (poaitiTeJ coptaiDA » triple field Icni and a limple aye lano. It yidds a flat fioEd irw from, diatortion, 
and in epacially rcoommendad. for medium and high poiweriL F’ Ortboeqaplo’ mnaiia giving a correct Imagn] 

Kebncr eye-piece (pfiadtivelk A couvci or plautKoon tbx field Icii* with a much innaUar uVcr-GorTBcted plancKionVHi ochm- 
marie eye tens. Field vecy large, oeiourleH, and ■oHbim'opic'j lew powan ji» auttable fcrocmela and ecattcred ol^ecta 
MonececLtric eye-piece (fiKniUve).—A triple coman ted [aim, particularly Twommeuded for the erittcal etndy of lunar and 
planetoj^ detob, aa it givn exquiaita dafiniricin, and freedrin:! iram ^ghoete': ita omiilt field la it* weak point. 

Bulew Lena,—A roQi:w.ve or lamcavs-ineniiKrua hina of altnut 3 inuhEe negarivs focal langtli., mounted m a abort tube—made 
4 fUding fit—ioaide the oye-p[aoe drav-tobei and placed iBetwnb tha ahjectiTB and eye-place, 4 Or 5 ina. froin the eye-piecHt 
It Increaiw oomriderahly the focal length of the obJeat-glaH cr mirmr, giving ao image of doable the aise, mure or len, 
aooordiiug to Itediatauce fmm the eyE^ploce. UlIb valuable ilovica, at the cert of a alight Idea of light, Mvd 4 tundency to iorm 
*ghDeifl,' ^res 4 flatter fleki a»d va inerwe of tbo pow«ra of ab eyo-piecea iieud, thua doubling the net at Email expeoBD. 
The IiaAgnlF^jTI^ power of a tolweape dtpsuda entirely upon the ratio of the focaJ leugth (/j.) of tho object- 
gLoae to that of the aye-piece i(/f), tho fannula beiiig/^ -r/^ ; thoA with an object-glsu of 3fl inchu focal longifa, and 
on eyO'pifHco having a focal longth of ^ inch, the magnifying power will ha T2 diameterat nr ** power 73 " aa it ii teriawd. 
Note that, aa the power k iDcreBaod; {a) the image gets faint&r, and the area umlndfd leaa; (b) ators pass more quickly 
aetoBB the field; and (o) the atmoapherlo dkturbancea are ako mignifled, u welL oe any vlbiutiona of the stand or ground. 

It is advisable to have ai least three eye-pieHt^i of different power:— 

(1), Qua of low power with a large " field,ttbat ia, ahowlng a CKKtauknible area of the nky), for viewing CometB, lariga and 
aoBittemd cloaterA and eltriiniJMl nalmlB, magnifying fi or ID timoa per inch of apertine. Thus, on a 3 in. tfitBBDape 
the power may be fiom 3^ to 30, or fora 4-ln<^ to 40. For aveiagaeyeA Bperlun m 4 glvea fowetf uaefol power. 

(5) . One of moderate po'wnr, magnifying Sfi or 30 timea to each inefa of aperture •=m. 7i^!00 fora S-inch, lOO-lIOfcwm i^rineh. 

i(3). One of high power, tuaguifyit^ 60 or 50 rimae to each inch of aperture •» ] 150-180 „ „ B00-B40 tt „ 

When eiperieone' haa bean gained, the obeerrer may aometiinos nan oye-pkoea ef still higher powers—the extreme 
limit of uecIuI power hmng about I (HI diameters per inch ol aperture—but, aa a rule, vq advantage only aa eloee doabk 
ttarm, when the teieacope ia of fine quality, and fttmospherie oanditioEiB oioet favourable. Such nighta are very rare. 

To find Focal Lcn^tha,—{«) Of^eet-glaet or Jf^smor, HemoTO the eyepiece and stretch apiece Dfaemi-transpaFent 
paper ever the end of thedraw-Ltibe, Point the telsfeope at the Moon, and focus her image on the paper BeresD ; the 
measured diaiance between the back of the objeot-gtasB and the scroen—in IS'ewtenians, between the oestrea of the 
■urfaO€w of tho large mirror and flat, and Lhonce to the screen—ia, for practical purposes, the focal length required. 

(6) . J/aygenion Eye^piee *.—Divide twice the product of the focal lengths of tiie two lonaea by the sum of their 
focal Isugilm^ the quotient ia the fooal length of an eqaivalont Bingte lQnB.v 

To find the Power of an Fye-pleee-—Make a seats with plainly-marked equal divkiansL Set this up at a 
considvtahle distance away, and, holding both eyei open, view the acale through the teiesoope with oue eye anff 
diieclly with the othoif. The number of divkcons on the scale, covered by tbs magnified imago of one of them, is 
equal to the magnifying power of the eyo-pSeeo useiL For low powers, a difftant hriek wall will serve asm scalp. 

Another method.^—Focus the telescope on a tur. Knxt monviDg, without altering th* focuB, point the lelescope 
to the bright sty. "When the eye is placed about 10 mthea Whind the eye-piece, them will beacon a inmll, elporly-. 
d^uad dko of light. Measure the diameter c£ this disc by mcajrts of a Eerthou Dynamometer (see p. 47) placed 
against the eye-piece—a pocket lena, of low power^ should be used os an aid. in doing this. The magnifying pnhwer of 
the eye-piece k foand by dividing the clear diameter of the object glass by the mooeured diaiuetor of the bright imagn 
To And th^ DlBJnetBF of the Field of an cyo-piee«, obB&rre how lung a smr situated near th^ eqoator (for 
infftanca, fi OriooiB, or y Virgiais) takes to pan cantni.lly acroaa. the fleid from one aide to tlio other. This time, expmiaed 
in minutes anJ aacondA when multiplied by 15, will give the diameter of tho finltl in minutes tod second* of arc. 

* '!iVben tb* distaoH Apdri uf tlh* linMi d 1w equal t* half Cbfl lan ef Lbclr rmal IeokIIm, t/i+y,]43; Lbq 
VF, F- A EULmh iwdnt* oat tliat *a tliii diitano* ia act olnjri k»pt ki> Ulb nartrrt foTTniLlm for mil auLqlilnatlMi* ii 
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utiiwl petliiitoMioe d a teteaeopa oo a tnlntial cibjacfc u tha oolj nallj satialaetopy teat. threngh a 

telwnpe bofcfing ifai bigbaat pov«r, a fiiod lUr of the mmimI magniitwle thanid « * mlaut^ wdlndefinati* 

djwitlM duio of light, tarawt a point, and rartfoWad by om or two tWn, ocmesntfie, bright ring*. Thflro ^ould ba 
no M** »ji of lightf aini the rest d tha flalci ihould bs ttnilonoly dark. Tha taltnocipa ahonld oct, howoTor. be eon- 
damned too hastily, a* an interior eyo-pieoe, or the utatio uf tbo air (aeo p. 3?), may bo iwponiibla for aypawait defwta 
In the object glau. k oIewO double star with Tory nnaqnal oampoiten ta forms a moit Berere teat. A laleacope of the 
finest qnality ihoold aoparata a donble, oOMlotijig oC two Gtli magnitada ataWf whue diitanoe from oantie to oeutn in 
Mooode oi arc is eqwd to 4 fi6 diridod by the aperture osprmaad in inchiB. (ieeTsblep.44). 

ACCESSORIES. 

St-fliida.—^Muoh dopendi ppoa |ha rigidity of the telaaoDpe stand, and good obBerrationa mnit not be expected 
from the open window of an urdinaiy room, HiS the Tibration of the floor, sitd the mixed omrenta of air, sat the 
object being riewed dancing- Por email toleeoopes, the ordinary^ slt-uimath, tripod 
garden Stand It mont convenient. An iron pipe ol sbont 4 inches djameter, partly 
sunk in tbs gmtind,snd rsmttieiii full of clay to dead&n ritmtion, forma a good support 
for a telescope of nioclerste siss^ 

The EEinatorUJ Stand la of anonnons adT^ntoge. but is rather nxpeniciTa. It baa 
one of the piruta, or ixes, whioh carri« tha totHoope, directed towards the eelestial pole, 
(being adjiiatoble for latitnde). The reffiilt is that a star may be foUawwi by a single 
cercuEar movemant of the telawope^ instead ol the instrasient having to be moved both 
in altitude and aximotk. A tnake-ihift Is to Bcmw to the itand top a wooden block col 
off at an angle, u shown in the illustration (A), and which has a V.groova, with aidea at 
an angle of cut along the inclinod face, for receiving the pillar. The daw legs of tibe 
ktaod, folded up, will act u a eounterpoisBi and two or throe scrow elampa will keep the 
pillar llrnL A piece ol bard wood (not shown In the ill aat4*ataon), alaa Ygrooved, aboiLld 
be interposed between the pmnt of the screws and the pillar, to prevent damage when 
tightening np the acrewst A sniticwliat simpler ooDatraction lit to hinge tbia upper blnok 
at one side to the lawer block, and pssa the Ncrew* through both blocka at the ether 
aide, as ahown in the iUeatmtion at (Bj. 

of the aloping top, from the vertical, most be the latlinde of the observer sobtrsoted frenD 90'. 1%u, 
lor Ifetltnde 33' it will be %* - 33* - 3S*. 

Flndef.^A finder ia a sdsall toloaeopa fixed by eppports to Che body of th* larger instrument. When high 
powers are aj»d, this adjunct Is a necessity, and in all casat it adda mueb to the comfort of obBerving. l^e Snder 
may be ronghiy adjusted bj day on n distant weatber-cock or some ether definito object To improve the adjustment 
brin g the polar star into the eenbre of tbs firid uf a low power eyc-pleoc on the large teloaoopc; them alter the dlrwa 
tion ol the finder, by m«ne ol the adjusting sorews, until the star image is iu the centre ol the field ol thn tolonope, 
and ska bisected by the cress wires of the finder at the same momentH Now replace the low^power eye-pieoe hy one 
ot high power, and perfect the adjuatments in the same way. For aniall teleflcopes up to 3-incb, * rights" a imil a r to 
thoH on rifin Qsn. he srmnged {painted white), which will be rouiid of some service. 

DfiV-0a.p<—^ guard against the deporitioo of dow on the object glass, make a tub# ol tin, cardboard, or some 
■neh matoriaJ, about 9 inches or 1 loot long, and of aqeh a diamater as to fib cloBsly^ but not too tightly, os to the 
object glass end ol tha toba. The inside ol the dnw-cap ihociid bo covered with black velTot, or paiutod with a 
mixture of lamp-black and rise. Black blotting paper is also luitahln 


EtaJ: Hiag^OTHyi—An Irshapad tube oontainiiig a right^nglcd totally jnefiectlng prism. One esd ol the fitting 
ic»wi into the focussiPg-tobe ol the refnutor, while the other and ia iitfewed to receive an ordinary eyopinos. Its use 
preTcnU awkward poridoni d the body when vieving ohjacte at high altitudes, but resnlti in some loss of light end 
dcfialtiow. A sporial diagonal is made for the Bna, which only iwonires a light shade glass (sea note on p.49). 





JtQ^ATOJUAL StAJfA A" 

Berthon's Bynainoinelar (or iue®!nafing gauge) ii » UtUe uu^nimfint lued for meMUTidg the dlamater# oI 
nnelL objiMjU. It Ixu tw^ io«tal aidw, the internid straight edges of which mcei towerdi the and, and ara iaaliaed 
to each other at a CEnalJ angle. One of the edgw ia graduated fram 0 to ^ ot an Inoli, The figurca on the wale 
denote the width of the gap between the two straight 
edgee. To iBeasnre the diameter of aii;|f ajnall objsot 
hj mMtni of this UttJe applianee^ it i* only necOMary 
to see at what part of the «calo the object jufi fllU 
the epaEiD hatweao the iotertial adgoe of the gauge, 
and than tnlre the reading from the scale. The 
leale i* Winded into 30 long dSviatoni of Ol or 1/lOOthi of an iooh. These are mbdirided into parts, each equaV tn 
■002 or I /SDOtha of an inoh, Tha fi rat twa long di vieiona are again diTlded in to parts equal to-001 or 1 /I OOOths of an inch. 

Telescdpfl House.—A ull folding elothoa-hone, with a sheet fixed to it. and etayod by teatrropeft, form* a fair 
snbatitnEe, which will, to eom* eitout, shield the telaMopofroei fibratioii by the wind, and add to the observer's comfort 



TO CONSTRUCT A SIMPLE EQUATORIAL OR ALT-AZlWUTH STAND. 

Rt following the directions and studying the diagraniB given, any handy amataur, with the aid of a few aimple tooli, 
will be able at e very le* cost to oonstract an etfioient equatoriai or aitirnnuth stand for a Sdnoh or imnUer rairaet 
ing telaiHope. It made on a larger scale and of oonslderahly thicker materials, the equatorial head here d seen bed. 
mount^^d on short, strong, fixed legs, would da eqaally well for a reffocting teloMope of moderate siae. 

The Lflg^S —Take 3 deni board* about 6 to $1 feet long, S inches wide, and I inch thick. Mark a point 1 uichaa 
from an edgn at one end of the board and anothw paint 3 inahoa from the same edge at the other end- Join the 
point! found with a straight lino and saw atong it This will divide the hoard into two equal Hat pieciiSj ew^ 1 inch 
thick, and tapering from 3 to ^ inche* in width, Thais two pioces are joined fcogetbor «t distanoea of 1 inch an 
S inches from the narrow bottom end by li-incb screws (No, S or No. 10, about ^ inch diameter), Th« two latht 
are kept apart by block* of hardwood out from a pieca having a 3 imih square section, and held ia pSao* by screw*. 
Tliug the leg is formed as shown in Fig. I, which ia on a scale three time* less than that oJ Fig*, 3, 3 and 4, The 
laths should not he screwed tagelher nntil the brass platsa mentioned l»ter on hav* been fitted. A metal ptato (p) 
sawn or filed to a blunt point, may be serawed to the iisnvr side of the foot, witli tht point projecting. 

Tllfl Top of thft Sta^ndi—Thi* is be*t made from an iron cutinf^, for which a wooden pattcfti will he required. 
ThepAttam ii matlu of \ ineih raahogauy fret wood, cut to ih* sbapn shewn Ea Pi|. 2, and strengtheoed by baring 
a 4-incb bevelled disc ef the Bame tnamrial glued and ici-cwed on to it, so that the oentn&l part is | inob thick. Each 



receive metal screws, A |-incti note is nnnen V 

through the exact centre of the disc. Inatead 
of the casting, a piece of tough, hardwood, “r|- 
mob ai Hsedh. cut to the ssme shape, but at ^ ‘ 
lsa*t 1 f intfheft thick, may be used. . 

Tha Leg PlFOtA—Cot a 12-inob length 
of J-inch brass bar into three equal pieces. ‘ 

In a lathe, mro half-an-inub »t each end into * ^ 

a blunwd eonc {C, Fig. 3), tha sroaTl enter end 
:|.Linch in diameter. If no lathe, file the 
ends to the same shape *» carefully as possible. 

These bars are now drilled with ^-inch holes to 

oorrupond to the holes in the toji, and are then ." 

screwed or bo! tod to the underside of the iron top. 

Tha Htrig^a plates.—To the top inner side, and towards the hack cl eai 
Mrewbd a Hat. hrww plate, 4 inchfts long, 1 inch wide and /f-inah thick (Fig. 
with the top of the leg, which is rounded off at the onler top comer, and ba 
enlarged, and coned m fit ovw tha oonical pins at C. B is a ^-ineb holt 
a washer, which nUi on being screwed up maka* the hinge firm, and adjuitsl 





SQUATOHIAL STAyD. 

Tha SquEbtorial HbAiI 3).—For tons pioooi of ouk or ttrong h^rdiirocHl * fall inch, fthiok fero requira^» 
'Th» b*ao i* otrealw, md hmo, qontrellj S^eod hy iorew« in » r«MO in th« botbonii m pinto with » Whity.ortIi 

tApped holo, to rofioiro n lorew which clunpa ihs hud to the itAaii This plnte oitgbt he fixed in n roic«u on the 
qppereide of the roood hue hebre the xogLe picoe next referred to ie fixed in poaitton. 

t'lXid to the b&te ie the trxpeiioid or Bugle piece of l-inoh wood {T^. Strong glae end Ko, IS iareweihoald 

be tiafid for fixing the porti. Tha top of thia pieoa muel he cut ofiTnt auch n dope thxt the Angle which it makei with the 
hHBe ii etjual to th» Latitude of the pieoe where the clAnd ii to be iu«d. A piece ol wood B in. k 3 In. m 1 in. ii Hr^wod 
to the top of the Lrapeeoid pieae, end the whole u itrengthened bj adding the aidepieon (H) whioh am I inch aqunre. 

Tha Fo]4t 4xLs (Pj ii made of bright mild iteel rooad fod^ |-inoh In diiLmeter and 11| Inehei long. Tbi* iteel 
ii euily obcAinehl* at large tool end matoriAl item. The upper end of the poUr nxis (F) )■ driven into x rAtbor 
aoudler hole in the bloot (Y) which u ol hardwood fi incliep long bj 2 meh« iqunre. Cato must be Ulten to make 
thde hole at right angles to the blook^ A ^inoh hole ii drilled through hloak and xiia, and a hoU inaerted. 

Tbfl BaahlngrS {*, *) maj be limplj holoa (f-inch) m the hardwood bloats^ with a altuple cplit arrongeinaiit for 
taking up wear; but it la more aattafacLorp to en targe und iquare (olightlp audarodtttng) the greater part ol each hole, 
auA with the Alio in placOr to pour in molted tin or pipe compooitfon (lead and tin) to form more durable hBArlogi. 
Before pouring the lead, eoat the aiia with a miiture of black lead and water oud allow It ta drj. II, when, all la 
cold, the atU cannot be twiatod roand, when oiled, it ahnuld be ysndy hammered endwa^a with a malUt. tl thorn ia 
■till trouble^ cut with an old taw along the dotted line (Fig. 4), through wood and bearing-matal down to the axil 
The upper halvn of the oplit bearioga can then be held in place bjr sorewi. Similarlj for the henringo (p, f)- 

Thfl BeoJliiatlDii Axis (D)i anotiier } Lnnh otcel rod, abont 14 inahoa long, ia fixed, like the polar axLa, at rig!it 
angles in an 3 inchea long, 2 inehM iquare blocks grooYed for ike whole length on one aide to reHseivetha teleicopa maib 
tube (A). The teleacope la fixed to the block hj meane of leather atrape or thin tnotal bauda. Thin |-Lncb metal 
waehera are plaijed between the bloeka and the upper be&nngi of both axes. The balaaeu'weight or eonn terpOiae (w) 
ia formed of a atnall round tin. BIInI with lud^ in wbiob a pieoe of tubs that j oat elMea ovnr the axis haa been cantmillj 
fixed bfrEore tho molten lead ia poured Ln, The weight ia ao adjnated that it will oounterAct an^ tendenejr of the 
Lfllejicupe to awing round bjr ita own waighi on the polar axis. It would be quite poaaible to fit graduated cirdea to 
thfa aimpic head, Cellntoid circlea can be obtained cheaply, and eotdd be mounted dd wooden diace of the same ai:m 
—*n addition whiah, with a oatefnllj adjuated atand, will malce pusaible the fluding of Mcrcitij and Venna in bright 
daylight and of itin bj night from the placsa given in calnlDgui^ Bat, even without circles, the ad vantage of being 
able to watch a "tar by only On« movement will be found to be a great one. 

Altn^kZlTnUttl Head.—For this only the parta A, D, Y, W (Fig. 3) are required. The polar axis F ia replaiiied 
hj a I'inch bolt which paasot 'vartLcaUj and without ahake through (.he central hole in the matal top of tlie tripod. 
A fiat brau plate ii aerewed to^ and protects from wear, the Lower aide of the block T, which rests horlxontaliy u pon, 
and can be tumed in azimuth abotit, the metal top. Tum or Horape the top fiat, and granio with vaielino. 

Adjusting* the BqUAtePial StAnd^—The oompleted stand is aot np to that the top of th« atatid ia level, irith 
one of the lega of the tripod placed towarda the muth, and with the loga aet well apart. Three strong cords of equal 
length ihould T» made Uuti one end of ea^h to > central ring end the other end to a aerew ring, fired in the central 
cross piece of each leg j this is a precaution agaiost a possible aecident. 

ihie telaeeope tube ia next sot as nearly as poaiible parallel to the polar axis, and then, haring slightly loosened 
the clamping screw, it will be suffieient, if no graduated circles are oaed, to gradually tum the equatorial head dll 
(in the Northern namiaph&M) the Foie Star Is smti in the field of view. The head is then clamped. Any alight 
adjustment in Latitude reqnired may he made by moving the sontlieFn leg of the tripod either Inward* or outwardA 
An alternative to the cords, which also renden the atasd more rigid, is the addition of three 
strsteher bars, each road® of two parallel metal atrip*, fixed I'inch apart, aod riveted to a start 
cross-piece at one end, and to the flap of a firm hinge at the otbcF. The other hinge-11 ap is aemwed 
tc the central cross-piece ol the leg, as shown in the illustfatiom A finch bolt with a wing nut (c) 
passes through the three slots., and clamps the bars together. 

When graduated circles are fitted, a more accurate adjusttnent of the equaEorial head is 
necessary, if it is to be of practical use. With a movable sbinil it is well to have soma m®ans of 
replacing it in the same pasition when once It luj been corefnllj adjusted, or mncfa valuable time may be Icat In rt 
odjastlng it each night. Thnre stone slabs, or oonorete blocke, having central gun-tnotal or brass plugs inserted, are 
set in tha ground at the comer* of an oquilatcral triangle equal in sixe to the moat convenient leg bow. Each metal 
plug hm a hole or race** in the top, in which reaU the prevloualy-nicntioned metal apiko attached co the lower end of 
tho leg. The adjuitmaut of tha head proper may Le eg’setpd by means of thin wedges nndcr the head, cr, bettor, by 
tbraa »rew* passing through the metal top ol the tripod and bearing on the under side of the base of the head, which 
cbouid be protected by a citdular metal plate that rests d& the points of the adjusting ■ore^sL 



SgtAtOArAL STAND. 49 

*ni6 tfiia pal*j t«wbnli whicli thw polw axib *hoqlEJ bs diraeted m nwrlj a* lies nboot I' (two Moon 

bnadthi) distant from Poioiis, oivd, varf Hftorljf ou tbo atrai^ht line joinlag Fnloria and n Uraw llmjans—the Itut itt*r 
in the of the Great Bear, If th* time la chosen wbon the Pale fttnr tnanaita abore or below the pok (lee 
and the t&laaoope (Sofc oe before^ pomlkl to the ffoior axis) ii dijreeted towards the Pole itor, lo th*t it appear* ia the 
oeintrfl of the ficM of tipw, then a lowering or a raising of the axi* through IV by meana of the «uthorn adjutLluig 
iOrOW, will make the adjuetmatit suSlciently aMumte for finding on object when naing on eye-piece of low power. 


HINTS ON CLEANINa 

Refracting' TeLescoiie-^A good objeot glass ie lo delioatelj figared that it abonld be cleaned ov i^rely aad 
wrefally oa paaaible^ for fear of ofifecliiig the accuracy of iti form. (Sv helovt 

Tli« le^nsea ehould neser be tfkken out of tbeir oeU by on inexporienaed person. 

The ehjoot gloea «honld be held la ik oell with jnst lalEolent "pky =" for n alight mttle to be heard when it k 
gently sbakoo, T( jHjrewod up UghUy^ it caoioi atraini in the gloK wUeb nmr the pOTfact dsfimtioiL 

AeflEKSllngr Tal&aoopa—Tbs silTered miiTOT reqoirw to be kept with xety special eore, as the ailvor u exceed¬ 
ingly liable to tankiih^ Mpecuilly la or new lai^e towns, from the enlphnTona finp«i in the air. The owner of a 
ivfisotlitg Mlftcopo idtoold, therefota, promtre and study the ''Hants on Rejectors,** which hare bean pnbluhcd by 
several of tha leading makers of these inatrtunenta. 

A alight stain oaiases merely an Incsoniidarabk loss of light, but, If badly tarnished, the mirror must ho w-silvered. 
Thi* process may be enooassfaUy aoooinplisbed by the wnateitr, with little diflicnltj, and at no great expensf^ if b# 
carefolly follows the dlreDtions given in the booka just referred to^ and uses pore ebemiaola 

Care of the Ttleioopt-—Before remoTing the teleicopo after the night's work, oowor the otaect gloss or mirror 
with the metal cap prorided for that pnrpoiA 

Never take the initrumont from the cold onter air into a wanQ roam, or the object glsss will become dswed. 
If tbk abonld happen, the object gloss most not be left in that state but it ib^tild bo placed in a warm room, at a 
ufe dislapoe from a undl the moistme Hm vaniihed. Any itaipi loft an the gloss muit bo rwmovod by gontk 
poUshitig. Never wipe an object glass when it is damp. 

Clean in g the Lengea,—Wliftn it becomes nooasairy to clean these, any dust shonld first be removed by meansof 
a coineTj^Aair bru^Jk Then the kiH should be wiped very gently with a piece of very fine and clean waahdeatbvr or silk- 

When not in use, oil hnuhcB and maberials employed for this pnrpOie ehould b« vrsfclly protected from dost 
by keeping them in clean stoppered bottles or olr-tigbc cjuoi. 

Salar Bye-pISMS^—Tbo mw of astlvwd or deeply-ooloured Barlow lens with og erfimuy eje-pisoe- is a aiinpk md cffimtiTi! 
wayefredudn^ the Suo'a light sud heat Th« chief objection to the eilvmedleiisii that the film is m euily ecT&tebMi A epeoiol nlar 
diagoi»l (Sit J, Berndnl^h in which ocily abent ^th of the Son'e light k refiectad fiwm the first surface of a oorrow prism, is procor- 
ahla With this, the Addition of a light shaiis-glaa is uecoswj. See llliistnclaii in Viocita'^ new edn. 

HnlicBDCpm, or Heiioetrape eye-^pieoeo, depeiiding upon polorisstLOQT redaoo the Soei'a light snfficieatly lo eonble a dork-glaM 
to be dispnpaed with, hut they ore somewhat oompliost^ and espausiTe applianoea 

SpaetttiaCDpnt.—Small Instrumcots for riowing oteElar epectn can be hod st a Qompanttively lew price j thooe imww 
on to or fit in the eye-pleoe tube, Tboee for viewing prominmoos, bowBra', ore much moni upensive, la tbadiapec^n required 
is ooosldiwahle, and prtoei are of tba order of £7 (SW) upwards. It would bo a groat boon to amatour natrunomiiiw IT soma 
oatetTirtiiDg optieiaQ conkJ bring cut a satisfactory lustmincot for half that sum, or le^ 

AJtronDtalcal Photographyi--Anycuji pcaBsmitig on oquatorial triciwpe with a skw wofm-whEol cootioo on the polar oxl^ 
con toko good stellar (or oonMtaryl negatlvea In a boa camruu attached to Iho tuho of the telescope^ using ordinary photographic 
knBOa of ^ or gnstdiF aprartur^ which ■hould be eanfiilly faouaHd by trial eiposurus ; a driving dock is not eeBmtial, thoogh 
odvaatagHma The lulescops servos oi a ^gnidar^’ astor bring kept steadily cm cnHS-wtroo In the eycpleos { ^ese wires can eosQy 
be added to o poAiitve eyepiece bj aziyane oooustomod to USO tcola Espeeures ora rather loQgthy, from eoma twenty minutes 
upwards—to houn for fWe iters—end requins patkfuce. 

Moat nfraoton ore not veiy sttitahle fm- taldug jjbotogripba of the Sun and Moeu In the telesoope itsrif, without an eyopiiwei 
OM they do not bring the OCtlbie end tivna] rave to tbs Eome fociui, and the ebarpaot poeitlon lima to be fouud by trial and error. 
RefiBCbcm an free tom I’ll is dlsodTanEage, olio * photo-visna]' rofusotors { hut tho latter ore cxponelm The Moon be 
taken by a fiud tejwnpcs df cudsCHwy foofct lengthy in aI)oat J'OOMitd, bnt tbs imago is small—In a 3-iniih, only ^-hinb diojairtw. 

Thoea doainue of takiogup this punuit should procure ' Aatronointciail Photc^phy/ by Mr H, H. WatRO, F.B-A,S,—* little 
hook which givoa oil nmdad {nforimtion on the sabjact of appoxatuo, adjuatmont, expoeum, && 

A Gel&'^tlai Blobe, idjuitahk for layttulo, k uselnl for findiDg the dinctian and altitude cf Horcury, era comet, intwilEgbt, 
nlofi the path of tho Zodlo^ Light, The Etan an nvQFBed os regard* Iril aad light OD the |lob«^ boeauBB We view the liar 
•phme ftsom th* inrido, tnd riiu giobs Ja viewed Ihun tbo cutrido. 




ADJUSTMEHTS OF A NEWTOKIAM REFLECTOR, 

Thq flbt ipirror^ iDOudbiHl in & aiioTt m-otal ttib# duL alf &t ui ingLe of 4fi' with it* iupb^ i> lAOie^nafli 

iopporbeci LO. tha centm of tfad ihilLq tube iriid towu^inli the upper end of it, by * ling'le radial Arm to the Luaide 
of the tube. Mor« u&uully tba support eanajrte of throe^ nmetimea four, vbeel rtri|M of apriug tetoper fitted with 
■orewed endi that pijus throngh holes iu the maiu Inbe^ OLitaide which they ure held firmljr by meaua of uuea. With 
the uid of oomps^sea or u scaled ruior tho oeutre of the fiet iQonntiitg o^Actly uu the centre of the tube^ if it ia 
not already id placed. 

Whan the flat hoa been oentred, ita indinatian raflit bo Ad|ujiiftd ao aa to rcfleeti a nay of light peaiiDg along the 
M.*\m of the tuitin tube along tho atii of the eyepiece focuABing tube, This moat be done by meana of the adjuntinif 
aorewa fitted to the flat meunt. Soiuetiniea thoae are three in number^ but a better arrAngement ia a binged Hat 
mount with a single angle-adjuiting norew with a knurled head, and ah a^duE acrewad pin enabling the fiat to bo 
partly rotated and elam]^ in poHition by wcani ol a Iseary knurled nut 

A brosA diaO'G.tting, with a central hole about ^in, in diameter, is ecrewed or aUd into the eyepiece draw-tube 
in plooe of the eyepicco, AapecLal Bttlng, though eonrenient, ia not indtspeniabln, iluoe the front part of the mount 
of an eyepieGe of high power, with the lonjce removedp will do well u a i!ulHbltut& On looking through thi* hole, 
there will be seen the droular end of the eyepiece tube and within it the flat with an apparently drculmr outline. 
If the Sat u approjumutely adjusted tbare will appeaTt within the circla of the Gat, the ctreular outline of the mirrer 
and Ita cell Aa a help to the eye, the large mirror may be coTered with a white circular card of the same eiro u 
tha mirror. Then, by meaut of the flat Adjusting screws, graduAlly tilt the flat nutil tho outline of the mirror (er 
sanlboard dise) is concentric with tho eyepliMe-tube circle. It may be nooessary to move the base of the focusiing- 
tube mount aJigbtly up or down the main tube to perfect this adjustment, Remoi^e the card and ihore will bo seen 
a eircuUr dark spot, the image of the flat. K this is nut exactly in tho aeutre of the bright mirror image, it must be 
brought 1 i 0 that poution by means of the three adjusting *cre»fi at the base of tbo large mirror «U. Thi dark 

is niDif difluti.f /row iht> adJiiHinff serfm tha$ uiiufit bt 

tamed in. Thus, in Fig. 1, the acrew whose position is in¬ 
dicated by the head of the arrow moat be turned in to bring 
the dark spot to the o&nLre. The same result k ocMeifed by 
turning the two other screws equally outwards. The circular 
outline of the Gat iteeif should nat be exactly eeneentrlc with 
the eyepieoa tube and mirrer olroles, but displaced 

towards the upper end of the tube, as shewn in Fig. 2 where 
all is in perfect atijjustmont EE. tho nutormoat circle represents the far and of the eyapiace tuba; T part of tho 
tubs whioh balds the fiat; FF the fiat itself; MM the bright image of the Large mirror; I the dark otmtrol image of 
the Gat, and R the images of the four spring supports of the fiat mount, 

Fig, 3 shows tha appeaifanca ef a moderately bright star in a good telescope^ when tho lur is steady aod the 
instrument correctly adjusted aud carefully focusisd—a bright round spot surrounded by two or three ccmccntrig 
rings of light. It is unpooslhle to portray ocauraLelj tha oxtrame delicacy of these dlGiiurtioii liogs oi they appear 
nn the best oboerving nights. _ 



EaUATORIAL ADJXJSTMEHTS, 

It is infeaslhlfl here to giro full direelious for tha accurate adjustment of an equatorial Such instnicticmi are 
gtreti in llomn aod ’Diornthwaite^B "Hinte un BeGcotlng und Hefracting Telescopes,” and in Chambers^ ^^Handbcck 
cd PoBoriptiTO and Practical Aitncnomy," YoLU. (CLarondon Prewi^ 1€00}^ Tho chief adjusEments are 

1. Jdjun the psraur.tih^r o/* tha dWiWum oird*. The equatorial being plaoed b oBarly iita oerroot positicD, read the 
daelinaliicin of a star brought to the centre of the AnM when near Its southing with the drcle facing II Rd|>cal with the ctreb 
&clng W. If the two nodlegt agres, the rcraiEr positicu is ixirrcct j if tho}^ are not the same, more Ihc varnier half the 
diffcmnce between them. Other odj (wEment# haTing bwe conoplotad, the doGllnation rcmier wiU indicato O* whoa the Mescope 
points to the equator. 

9 AdJvMt ttn ficlar aru to tht aliiiitdt oftAe feCs Read the decliiis^cn of a atm- which is on, or oearty on tho meridian, 
atjd also near the sanltb. Compare the rnading with tho deaUuatiou ef the star m giren in the I<'aiitica3 or WhitiiLku's Alnumae. 
If the omeuatB nt Uie oimle to the oerreot rnading, and bring the star tc the Miilte of the field by irtnorLw nf the 

adjusting screw in the drawing on page J^l). 

3. Tiam tM pot<ar n™ in rA« meric/iaii. Fcinl the tdesoopc to a Imown slar about Q hmire ^nm the meriduin, either 
£. or W, af it, but oa distant as paseibls Rom both Pole and hoiii»n. If tbs star ia E. and its deoUnatlou a« shown on the 
declination eirelc htrseds that given in the retaLogue, the lower end of the polar ask is IV. ef its right jdscc atid muat he moted. 
A horinonial or arimuth mevement girtHi to the equatorial hciul to oomwt tha deoluiatiau corrects also the ucridhu]: pcsitiou 

OUiri' adjustments uecesaary an £— 

i. Sd the optiMt ant c/ of r^Af m^er to tht dedisAtvs. ecu 

A. Thi polar and iUetiKalfon mw mwi &i i>«r m r^Ar anffisM. 

a,. TM indi* of tho kour eird* iaoaf paint la vAm (Ai tdBieopa it in tAs etA^iha oiuf tAi d^tnai^ osv AcrucofaL 
IVi/A a incw4^ AoUr eu-olt oppotift}, lAt esraier* F* CAcf sAcu^ sAcw fijfc« rtAdin^ wAai tk^ lelsapopt it tAiU ttt. 




EQUATORIAL HEAD. 

Tex Hebion drawing repremita an M^onkorixl head dedgned ail'd minle bj tb« author. Tc is cnitable for a 4T|ii{]h or 
amalltr rofraotor. Jt weu built np of iron and gunmotal caabingi frotb oimplt wood pattoms, and a few mUd atea] 
and brast roda. AU the work rq(|OLr«d ia within the capaoiliy of a 3|'in. oenbrn foot Lathe, with the addition of 

a afogle dlTfaioo plate and cutter for the toeih of the B.A. drcle^ and a EnronW pnotrutor for the marking of tbe 

dlriiiona on the oiiolei. 

A. of the drinsg-Tod with nniTeraal Joint U at the epper end, ooncBoting witJi the vorm tctew^ mad 

a handle (not ahewn) at the tewer and.. 

Onnmetal coned beaiingn oif the jpolar ania 

0. DaoLLnation eintlc. 

D. Declination ania 

E. Arm screwed to the polar a*ia tnba and adjuitahle 

for anf tatltnde* 

T. One of two aide platca icrewed to the bam and h*- 
tween which E it hnld by a bolt and nut L 

H. Lo’^er of cam. When puJIod down it pnta the 
worm into gear with the hand toothed ring J J. 

IL Knurled bead to tnm a pinion engaging with a 
oimle of teeth cot cn the inner lide cl the E.A. 
ring E 

D Bolt pawng through a hole in the haae, alotted to 
allow for a alight morement in aaimuth. 

Behind L ia a central vertical pin (f'^in. in dia¬ 
meter) about which the whole head can bo turned. 

M. One of two push Mrtwi for nxact moridiaQ Mtting. 

If. Knurled doolination clamp nnt. 

F. Polar axia 

H. Bight Ajiceaalun Bingn marked from Oh. tc 34h., 
from weat to caab round hy jouth. 

Adjusting aoraw for the alcw adjjuitment ol the 
tilt of tha polar axil. 

S*. One of the two other baao icrewa 

T. Main tube of the toleaccpe^ 

Y^. Deullnatioii Temier on arm with adjoiting push sorewi at the tower end- 
HLA. Te^lier^ died, for time. 

V* B-A. Vernier^ moTing^ for B.A. of object. 

W. OonntoTpoiio woighta ■with act coUant, 

ifo alow motion in DacliuatioU la ihewn, but one Is a great conTenience and could aaiily be added to the head. 
For convwdenoe of repreaentatian T* ia abown at right anglei to its oormci poribon. It may be rotated about the 
tnmed end of the polar axil tube, and clamped in pceition by the screw X. 

A large-faced watch Or an ordinary ipring cbed^ regulated to keep aidereal time, with an inner circle of figonea, 
XUI to XXIT added to the face, la a moat uaeful, indeod almoat indiipeiisable adjunct. This may be Hb correotly 
to aidereal time each day by means of the wirelesa titno slgnaL The lidersal time for the prCTiout midnight can be 
obtained frnm Whitoker’i or the Nautical Aimiuiiw, and to thia 12^ 1" 58* (say 13^ 2“) moat be added to get the 
sidereal time at noon. * 

The method of finding a oelmtEal object with an et^uatoria) of this lype u aimpb. (IJ Moiu the teleacope so 
that the declination Ternier (V^) indicates the declination of the object aa giTcn in the CAtologue, Clamp in decliDa- 
tion. (3) By means of the knuried head (K) turn the R.A. ring tali the R A. of the object ii shewn by the lower 
or moring vernier (¥•>. (3) Turn the tebacope till the aideresl time h read from the dock ia ahewu abo by the 

upper fixed Turnier (V*)l 

If a low or medinm power U wed and the head is In correct adj aatniBBti, the object sbould be In the field O'f view. 
Ths lever (H) b then puUedi down, and the abject uon be follomtd by slowly tomiog the drivitig ft>d (A)* 

If the objectis not at first in the field of view, a alight moTemont of the telescope either forwards or backwards 
In R A will generatly bring it into light If not, the rircb raadingp should be cheeked and the ndjustmenti of the 
tesd corrocted if accescary. 

The bsad should be fixed on a strong wooden braced tripod or Iron pipe flUcid with ooncruto and protoctod from 
the westhsT by agalvanbsd iron hood, the teleBoope itself having been rmnoved. 

*■ /tr fIwm £ up/ eVartiMitfi a eptrmlim af tm, e/wWlf dkUri fe»> toik fJ* s/tafwtlmfc; if (itinwntel 



Pronunciation of Names 


Till? (ire jimaQUtioed aa followsli hr eb 9 u in wa i ■» En Scti ^ &d m fiuin iiiut<» 

;^Ttii« Lii( tiiliowH Lti« ■ij-aillflil Kof^lIcitL cu-aLtiikl I A tr ^ Ti nsi t „ ill I mid ii up 

of pt^unolwtlnn,-wtiickli geneiwllv Enwl liir Ladu Ji „ ftHn 4 witw *». ^^ ,, (trb d am 

meI Gn»k jiniper uiiiue=i in Bugiinh conlBiL | i lufii ,.. . | ii food 

ConstfitUtlOlU.—Fur U« gpLlti™ (sr.) n{ KMliak pulling in -ut ’vm, rhinUitt? tha -lu ur um inm ■( Ippini-uncdii i), ha Lupiu, ftf,) LopU 
riKw« inxilng Jn a : ebw.'nga tlw a into n ('imnMUinnd dj, w Mniiui, M-iimia MuJeni UntuLaiULigin urs ujiuipij 

OrHTEnrHttS, The He 

Onrujt^ Cr4-yi9iil 

PavDi* i-ii''vD pA-r5'nii] TAi iPcvnuwi 

,,, 

Fimuc It l^r'vOi UP jid r'w-if( J*crtfv i 

I'dmsll.' ffl'ulka ^nriH*} Thr /■'AdtHidi 

Suijjr.t RJ- tfoMt ,nITT** ftTmiO 4,P* ^ nrtto^alPj 7hr Pn.“rO*, * pftm tin Pninitr * 

AHin*. • n* (flit, Jflfl ^Inm E^inirunat jNkwoo'Ji-di The LMt livirn; IWel, pto'St (pr, iinT-ftm) 

AEFiuoi, ... 3^r tiftnrinlcrr I EnrpAN DA, I^r A-jimr Fiai'rA Apmu^rnfi, nlii’b ^lif^nda 

BchiTBA, LiM'bfa .|iij 21= i3rrT/*iiiJin FuhSii,* ffir'tiitji (j. ffirvUinV‘ P^Tt,nrt* The l^uthrm Fi*h 

CiaLUM,* Bi'lfim ... ... rA& t'Aiiwf* OiinJUtjani'^nUfl., ThtJwtut E'u3?n«t* ndr-IP'twt, 1iut>T-l Po>ip itff A-njtt] 

I GAD#,'R^rSi (1/.. crtdflil CWrvr Pxjcu,'pik'tfia (g.. plk'di-dJa] Thr. 

iUAJtam. Hn'f^r >;k., kln-fcrlj Tht Cmii I HmcEniiK Un'i lUmciftUdt* rt-tik'O-Jillil THr AVf“ 

CA!UM_VtifAnu{/W' eiiBb I'Atiit'-l-il.ur-W I Huiuiidjainn,* ?'Af Uwit 0*amA, 2’A#,trppir 

to. km'uaiu v^aiLl-kiSHEii) tfnrjiAm+ii^» HvonA, lirdm The YVnlre^ iiiutkt SiiHWilitesi, ftajd‘t4'ii.ilj| ... Tkt Anhtr 

CamsMaJuh, U'ahetjk'.iftr. to^ \ HtDliejs,* brclrili ... ,, S-cuunrE, pJiflr'pi-d (p '.,The 

,t Sitcom ki^nlH rnrnA- (?. mknfi'rfel InsrA,* in'da( ... ... the Iwivin Rkfla'-pi.Qp Nfcfir'jji-O 

TAf (/ntnJri'r»isi^ i^Jirr PiU/ LiffclaTA,* ,.. The {,xajrti ScT]iJTQ»t'«kQljj'njr(lj.,-t*'rjB) ^pu^niut ” 

CiHUCoftSTj^ kip.rl.kdp'i]fli nnJSe*r-ffwi( L«ej, kTfi (jf. 2V iiW [Lian iSJtrOTtrM.* tin'tAm ... ... J'Jli'AAw/4’* 

CAimsA/ktrrn* tkt£td.{Am} m MJItuli,'lul’iiSr (pi. /jipw SafijnfB, (p,. MTr-pfei'tlni Str^l 

LuBluirJllAt ttV-l.o.pi'j-4 t., OwPMprm tJU'iia, lfi'|idi (p., Up'dr^li) II<itt SlKTASA.'hdb'iiiM (gi,-tia'Mii:' 

CHTTAE'Rr.^i ..- iSrCJndwtiii' Lihha, UImA ,,, ... r»p flii/fUiWfA I TaUHUi lA^ni« ... ... J'Au 

CtrHmcn, pTIAb or FuFfA-fii ... Lufetb, m'tnw _ ,,, FAr IFii//' TftUWdnt’W/tfiliFtlR'pVtin 

CiTt^a, peiOa 7^ &a JfmuSnreP KAit/i I tiTTi*.* tinlui (p.*-H jiiIbi nrZijync TnlkJioL'Luif. lii.jin.ji'Kd4iTn TheTeitM^ 

UiiuunLxo!ir,* kAnmd-'U.dn (y,, LrttA, U'rii ... ,,, The. L^n ,. AckmaL*,* 5(juMrna„ 

(7Aai»MBlmni [UADDB,*iiil1ai,ruow PT£la) .VoaEu/Ji^I Tt-'CAl»A,*l^ta'ii4 ... J'Ap rswui* 

ClRJI .tDv,' aOr'al-nfi* 7^ £o«jli*j^^j. Mjtirii,' ui&i'nt ... 7^,jy, in > Dea* MAaiffl, dp'Mi to.dp*fl (eiA- jfi'rtiJ 

Cowkea/ tarlOmTji mitocr' WiQnotKsjrajit , " m|.kn3-Bid>l.diii ,t Miaaii, OFalttiTtirir to- 

CudlA BntiKHjcjRi,* kS^niA lA’-^dt'^ ^ TAr J/icmieopf [ST^ t'm'pfrM f Th* O^tvifr 9*id th* Lti^rr travi 

to.tkdmil^-ikfa&a) MmriKTlltnrt,-Eiifriifl*"dr4ki (p., i Vila,‘ TiTA (?., Tfid4Wn 1 

ClntioNA AcHTTtAtaBi kd-rt'nd Musca.* mdii^M 7^i {WArm] fTj/*< Vrnod, to*i7'A<r Fijy™ 

,, Hiift«iJit. „ b^re^lki SmnxA/iiir'niJi TSp ^Sjuaw VtiLiSi* .]A(i'l4ii.? FlsimF\A^* 

Tin S<^vihf^ Aiwi tiWAJlB.'flli^tfcia to.,*k-tJja''LTii) ClWirpr^ FnLpmrUU/vi3l.|ittTl,M The F<t^ 

OrtnitMl Fnniot, lAnttu PDHnnMiliM. IOmIh JSrtlirj^nirts Tti* a^nipfitr'i nUMA ACiiIdjuIk Sh«D«, .Vf-nk’* Ikwv. l?i>fiin rijcnli*, 
rtf a»ni [M Fiirnrtfr. * Hum Hhih. * Afil« Mumh AtuetiJJi. T (WRIii UitiUfUfelUUi, JhMVUf'i Oftfltll; * HilRu^inu Pii»*iiriii, »f IWtHlir'* JiiatpU 

I FtkIr r>n arnrin#*''* Cih«hm. n Il*LLfliilam lUu.ni kildaUm tk* /UWimikiidiir Att i1 Ajtpirkln* iWuli»U.#lp, Tta ff'mrt-JUni. 

II ftmtHM 9iiht#i)t, $aUtMti f dAi<t*L lUKuicitk UPUilas, Pn!uii*'j IJ piiudi Vulinn. >* Tulpwikln iL Atacf, Jli* r^m unnl cAr 

Star and Cltistfir NlUfl'SS, Mttnj (rf llamis, tmnhlitonhnl or wsmtpiMHl fnun tlus Artbit, tiapiJ'no BtamlanJ ppeUlngi, bb ArHeb, Amalj 
Cflph.Ctaph; CpkiAi™ii Kftltm 3 ™ltTR™s«H 3 H'Pm*«il, Stf*. Rtamy = p ; m i=aiu; o= t or th [ Hi=ii-5 f = 31111 m = Bj itiKCirjtt ■li = icli; i=tE), 
Ifkir-alr iiEriil»al B<!'n-‘iniHrA,,li 4 -n 4 t''nialiiiLTraMai A'tf/ifi aJ ifai", k4lMl-rU'ff Oijh. Anu AMomH?, r*i il-liA‘Ewi 
Acn*A, ikVib /USKwpU^ A'lwafi, kfiTtib ^ Ur«t SHil •np^duntLl 

JridM. f Caliip JIaJh Cdno/iw, kd-Dd'evSB a Aryu* A'oriu>|Jiorida, k$f-nArO-Tda (ti.ti biu'v l^ra^'nia 

Ala*™?, il-btr'e -5 P Cygra CnprUni k*,.pW'* a. A,iui(jtij- HaruulEai A^stfuJa*, n Iteoui* 

Jtiihi&a, &J-kr4A'' a- CJuirvl kif ^ tWtojk ^upro, kdr-iiA' EriiUtil rl'jlCtL T^jil fl 

AJpor, lil-W SCl tlrtMikj. Caiiw, lU*'ti!r, k4*'tAr 1 ml-i' iO TAPri A«in:i|(T, rS'Ll.&iS^ ^Pipi^kiui 

JHeifMip, iL.kFB-nfi ^Tnuri CSip Oinrft, kftr tir'iSHT * it Vpn Jforiafr., julKkih a Paywii « 4 dAk- 1 :>a'i y Aqr. 

Jtlifr&nnii*. ll-dSb^A-rAn oT*ijrl tarhl'ilrf flliydrta tV-irnEt inir-rffc ■ nRrsulit j iSiuiiTJiitrftl', M 4 d.tJ^iil 41 Tk aAnr. 

AiWpp>ii»(N.t il'ili-i-fl.'inlB a F'^h Cbr £d<imw. kAr » ]irt«T3Ji m.dh-BM'tA f □«ain. 1 i5aiJ(i/«irf, ^l-dJ-BOod' fl ,, 

&i.)dl 4 7 IjflcmiB bVir JSpojTpi*, Wr iikflr''jiM Jlfrywi, uid'gi^lA I llrt^UfiJ. J&iAfiid, JPegmi 

A^pwnnV kk-jS'nlb y Ppfl»«i (or k. ■kftr-iri-A'nW aSkiirpll JfrioA, mfilcib oCatl ' .SiAerfur, a ilkjMsoik 

*1 A f( 5 iirItfli'd^eni'iriiiuirt, n^iq-kAl'^ niu ^ ^ri'uilr, chdllAk 3 Tato 

il-flS.rib'' i &tfyT * SnPT**ciliB ^AuriniP AArrnten. lEiJkr^A^tAn'd Ariotii 

yOflun li]. (Aicin, kftrHti' ^ Erfikiti .WVintwr.-i.-aEr, stoSin'kir aCetl ' AeViu, *|rT-(la a CaiuMAj. 

JUi-Atk' fUrtMijiJ, .^ru-A, ilAu'^Gb 4 Uy:ytii. A Affrol, tnS'riit ^ Urm. MaJ. ilr A a Anclrontniw 

U^kid' ig ,, X^Wj A^yiWi* din'ib U-jf'jIT Jfrrojw, nijlr'a-p^ 2aTaijri Slaf. nkfii fl Artuarii 

W+kk-ia'rSp» S<iil 4 CCapflwHTti ni’oi-ir-tlm''yAnotli Jfy>w. ipt'kA nVlrglali. 

tl-bfa' attr*t«™ dArfitii'-B-ll^ LenbLi min'lA-M. iOrtfirdi t^id'o/Wbi#, *C6>ll4Jlt" y TjTM» 

Afmnt, y Aodmua iJipAiftt. ilirdft Coti ifira, uiTrti a Oti «v!tl"*^fcll1 □ rJotphiDi 

ar.nMim'' f OiHuflii DnAAr, itfSab'h?! a I'r. Mu-J. hKiWA, roPrAk, mfi'rti Andj*. FafiJAa, ti-Wii 1 LV Mat. 
A/pAoM^, J]-lJlrt!' a Hydnt 1 -Sit'tr* 17 TauTfc Eiif!' 7 iV aPotTwi ULrA^tW T Aquila 

AipAfciw, tl-fiFi aCiir.Bw. Am/ AiHtoA.eDTl * P^giuk l^;ITJF5^It mfr-BiMi ^CulITh} lA-Tj'i^Li Ifl Toun 

Aiphrfitii. o Atnlpo® A'nvi-t, Ir-iAP 7 CpplurT Mimr, ^ Aftilmkppdro I rSAuKiaB^ tbflfl-liiln' a Dn*i^0iili 

A/fiJpiptt iJ-rtrk' ^Oirplirfil Ai.imiK plt-*-nilii^ ItIDi-jupbIi f ITmei MaloriHt c ilntoia I 1 i'ntiliiiiAajrt o-niik'al-SiB-a Sk-iil 

Alr^ti, AS-fiT T n f3“‘ ' Pr»«ni«l J^upArw/, (aCS'frtil 7 TFed a Byr» 

4 i^riuwi^A,fiS.rdd-ki^A alSAtin. FkrMLiiJiiii< -mAlXi ATaJA, btLli' jSTauri | YTw.<te.rnTA'c.i^Vn 

A£iAio«t il-hh&Tn ^Aijuilrt a PEpieiii Anrtrini xVjfrivTP, nlt-ki.r'' ^Rwib « Vlr^u 

Afirtip, HI-rAr' o h, iJrroiiw, J#uj'‘ii a CSurutui ftrt tSJkJrt, fikM* o I'lHniat ITaiiiC, wi'iiit 4 fS^minifinuB 

Jiwtiiri, Al.wAlil ^DrtHSi. O^rdi,/'Wotd A jVifT, Fhatit, fKkt a CnluutW Tiift yiJ ff Oiihinolil 

Artfam. lir-ti'rfe a St^irpiS prl'toa, •i-tdn'dl a\a“tSiiji. /"Arrkfa, rik'clA yUn- SHtj /oohijI'. »6'rilt 7* KrEiLani 

a SouriB CJVMtmxjiflt |^jur»4 ^Ctn.MitL /YPWF^fit pir or pEi't'rbftst Zaui(>rtAt ai'^li 

^riJwl, irtl,ikd' nCyipii ATnW, hunt'il a iritlia WritrjsB, [tlrrui 26 Taiin , ifojMt Jfaniiifl, riJi'injl 

Aniwit. Ir'tifii a UiporEa J7otrtaiw, ha-uaJLifl' fPpiPwi /*^rFii p0hiS'riii aUfUtMEn. I I^xipb 

Ajri«rt>/H!. JbnirUpa 21Taoii Afjsdncfrt, htA^dBi {atap CSunUtrl jJJE'alf* ^YCfetnlnl jffttArti rf fjfwuAf, aW^Mn* il jo- 

Ai7im, it.^i» 2" ., /irtpH A-ilr'« f Bod to* /’pfruTW, prd-ni'fA (QlvatJtr) tiWtii aUtiiFnj 

Afimmi, a Virpiila A'lOAo tti, kkikin' a Ftirdllta lirC'oi-an a Cania ISJin , ,, iftsiiniidiV 11 lil^tnl'hr y h. 

j9'diX-’»A'«ibtr,liI''b‘n-kriaR I AtuiPiJii, Mi" l^-SriiTlR /’WfAwri'mfti pW-klrTtn* = 41 aUi-mini ^ 

liA-Ei'lrikn yOnonii f f ^Sj^itWlE Aia HU a Hare. I ^uAcnuiA, tGfi’h itin'idi ^ „ 


riMid-ikitprr 
■S'4f 


A» 6 Jl 03 iapj.^ 4 i:-ilrAni’ALi 4 AfiJpftHiriii 1 (.Snitvdai kflKr6a The tVijm 

A^TIiIAi,* knc'li-A ... 7%# Air/’lumfl ’ j Cbjum, bri'ier ton Thr Vup 

Apdfl,* i'Eidi to-ffini 0/(“initiua I Owfi, ♦ krukUt to-... FAr tWii 
Ai^PAmoa, tkwiVi-iia ifAt Tlairr'imrer . tJKd»Cs, a^'tin*. ... ... Tie 

AuUiLit HtVi-ti ... FAtfA'cejir OiH‘aTsrDSt dil.fTnuB ... The Ihipkin 

Ah*. A'r* ^. Thf Alhtr | Doouiifl/di-jii^la -ilftVi Satmifteh 


The Brightest and The Nearest Stars. 


A3 


N'BlTi# 

Sjhqhte^t Stms. 

19A0 

R. A Duct. 

MagnJtuH? 

Afipareat AbealuU 


OifftiHice 

Ir‘t. j™ Faresca 

Aiuiub] 

fJI. 

Lamiuodi^ 1 

l[SllEI=^l> 

dpBcCial 

'typft 

Birina 

1 6^4fl'0" 

' -15' 

33' 

-1-58 

1-3 

0^-371 

9 

2-7 

l“-32 

20 

AO 

Cuiopna 

6 

32-e 

^62 

40 

-0 80 

-7 41 

(r-005T 

660 f 

200! 

cros 

80,0001 

FO 

a Centanri 

14 

3S-5 

-00 

33 

O'O0 

4-T, 0 1 

(y'-7B8 

4 

1'3 

3"-88 

1-1, 0-3 

GO , K5 

Vega 

1§ 

35 2 

r^^38 

44 

014 

OS 

0'-lS4 

36 

8*3 


BO 

AO 

CapallA 

5 

129 

+ 45 

53 

0-21 

-08 

0'-0G9 

47 

14'B 

0"-44 

ISO 

GO 

ApptuTua 

14 

13 4 

+ 19 

23 

0‘24 

-0-2 

ff'-OSO 

41 

12-6 

a"-29 

lOO 

KD 

EJgel 

a 

131 

- a 

15 

0-34 

-58 7 

O^-Ondl 

640 7 

1001 

roi 

18,0001 

£8 

Ppofjyca 

7 

30-8 

+ 5 

22 

0'4S 

30 

0'"’3I2 

10 

3-3 

, 1^-24 

5 

F5 

Aflhernar 

1 

35 9 

-57 

30 

0-60 

-0 9 

0''-049 

06 

20-4 

1 0^-09 

200 

B5 

0 Ctmianri 

14 

0'3 

-00 

7 

080 

-3 0 

O'-Oll 

300 

91 

0"-Qi 

3,000 

B1 

AUair 

19 

48-3 

+ 6 

43 

089 

a-4 

0"204 

16 

fiO 

0"^e 

9 

AS 

Bet«lgeune 

5 

53 5 

+ 7 

24 

0-93 

^2 9 

0-017 

190 

63 

0"-03 

IhSOO 

MO 

a Crnch 

12 

23T 

-ea 

SO 

H5B 

-S+, -212 

O'-OH 

330 

71 

tr'os 

il.OOO; 650 

BI, B1 

Aldeb*ran 

4 

33-0 

+ ie 

SB 

106 

-0 1 

0'**0Gr , 

57 

17-6 

jr*2i 

i 90 

K6 

PoBux 

7 

423 

+ 23 

0 

1 31 

12 


39 

lO-O 

§r' §2 1 

t 28 

KO 

Spira 

13 

32-6 

-10 

54 

121 

-31 

0 X314 i 

230 

71 

0"-06 

ItBOO 

£2 

Antairs 

16 

36 5 

^3G 

20 

1 22 

-4-0 

0X309 

360 

111 

0"-03 

3,400 

MO 

Fomnihaut 

n 

B*3 

-3JJ 

53 

129 

2-0 

0''-l37 1 

24 

7 a 

0''*27 

n 

AS 

Beneb 

30 

39 7 

+ 45 

0 

133 

-6-27 

O^'-OOtl 

060! 

2001 

(T'-OO 

10,0007 

A2 

KegnluH 

10 

57 

+ 12 

13 

1-34 

0-S 

0"'0B8 

50 

17-2 

0'^*24 

70 

B8 

^ Craoie 

12 

44'S 

-59 

25 

1-60 

-28 

O'XJIG 

200 

026 

0"O6 

SBO 

B1 

Gaitor 

7 

31-4 

+ 32 

0 

1-68 

1-4, 2 2 

O-’O-G 

43 

13-2 

0*20 

23 1, 11 

AO, AO 

Mcanur SraicA. 













PrDXutm Cent&im 

U^3S-6^ 

-33" 29' 

10-5 

15-6 

0"’79 

4-9 

12 

r-SB 

■OOOl 

Ml 

a Contaari 

U 

3d 5 

-00 


0-00 

4'7, 6-1 

§■'76 

4 3 

1-3 

3" 08 

M,0S 

GO, K5 

Mnaich 15040 

IT 

55 3 

+ * 

29 

9-7 

13-4 

0'^-54 

6-2 

1-0 

lO-^-ao 

0-0006 

M 

Lalnade 21 IBS 

IJ 

05 

+ 30 

20 

7-0 

10-7 

0"-42 

8 3 

2-4 

r-78 

o-oos 

MS 

Wall 35S 

10 

53 

+ 7 

30 

13 5 

165 

0'-40 

g*l 

2-5 

4"*g4 

. o-ooooa 

Bf4 

BmiiM A 

e 

43 

, ^16 

33 

-1-0 

M 

0^-37 

87 

27 

r $s 

26-0 

AQ 

Iimes^ Btar 

n 

14 3 

l-flT 

18 

ll’T 

14-4 

0'-34 

9-0 

2-9 

2"-0S 

0-0001 

_ 

B.D. - 12" 4S23 

16 

25 4 

- -13 

33 

9-5 

19*1 

r'33 

9>9 

3 1 


o-oois 

M& 

Qjrbodfl VtL243 

5 

9 5 

-44 

67 

02 

11-T 

o'-sa 

10-3 

3-2 

8^76 

0-0022 

MO 

Bqaa 34^ 

33 

38 

+43 

fiO 

ns 

103 

0"'33 

10-2 

3*2 


0-00003 

ac6 

T €]flti 

1 

41 '8 { 

-16 

13 

3-0 

61 

0^-33 

10-2 

3-2 

1"'92 

036 

KO 

Froojjcm 

7 

35-8 

+ & 

22 

06 

a-0 1 


10-4 

3-3 

r'-94 

6-S 

FS 

1 Eridani 

3 

30 S 

- 9 

3B 

38 

G3 ! 

0«.31 

10-5 

3'2 


0-31 

KO 

G1 Cygoi 

31 

*■5 

+38 

39 

5'0 

g'O 

0"'30 

10'7 

3*3 

5'^-26 

0416 

K5 

Ucaillo $352 

23 

2’4 

-36 

9 

7-4 

9’7 

o^'*sn 

11-2 

34 


04)13 

MO 


J8 

42-3 

+ 5B 

93 

88 

111 

0"-29 

n'3 

S-B 

T$l 

0 0030 

M4 

Groom bridge 34 

0 

le 4 

+ 43 

44 

8-1 

104 

0"-3S 

11-6 

3-0 

rm 

0-0073 

M2 

€ Indi 

21 

52-3 

-50 

50 

4-7 

e-9 

0"-98 : 

11-0 

3-6 

4"-«0 

0-17 

K6 

Kr&gcr 50 

33 

2S-3 

+37 

27 

9-3 

11 4 

0^-20 

12-B 

3-8 

0"*87 

0-003 

K6 

Tan Maancn'e 

0 

46-2 

+ 6 

10 

123 

14 3 

0''25 

12'8 

3-0 

3"’01 

0-0002 

FO 

lAlMiile gT3Q 

+ 

37 

-33 

0 

0T 

8*6 

n''35 

12 9 

4-0 


0-04 

MO 

0,A. (N) 17415 

17 

37 

+ 03 

2$ ; 

9'3 

11 a 

0'-24 

u-g 

41 

r''33 

04)03 

E 

BJA 51- ass 

3 

B2 

+ 52 

12 i 

9-2 

IM 

0"'S4 

13-6 

4-2 

i 

0-004 

1 



04 


Bayer and Lacaille Letters and Flamsteed Numbers. 


AllOAaiiSEMU 

^ 49 

b, SO 

03 


AQUARIVCk 

Ai,109 
f, fil 

A\ID4 
e. 99 

bi, OS 
\ 85 

b^p 99 
i\m 

AguiUL 


b, 51 

Op 36 

dp 37 

^QTa& 

\ 49 

e, 45 

4, U 

flp S 

OlIPKW&i 

A^45 

A\eo 

ht 49 

4, 30 

OiiPRioaicMu«< 

A. 31 

b, 3B 
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QALA€TIC 


rtoflnlUon of the nflW fl96flJ I.A.Ui system of Galftetio CoopdlnBte^ At the Dublin Croneml AMoetiibJy of ti^a 
rntnrn*tiofiflJ Afltrononiioftt Uni^n in Sul)-(;oinmiaiwon 33b wjms ftiKpolntiiil “to iitv^gato tbo ttifttimbllity of n 
of til* gnlftictic poiCf ntid of tho wto of giilactia iongituM’'^ At tbtr Moac«w Otumral Aawmbly in 1061^ tho oonoluanjua and 
rooommei^AtiQn# of thla Sab-Conuiit^Eott wero re|iortad wnd (Iibciuib^, and DominiAslott 33b triA anthomnd to too exact 

vojusa of tbe toui^lHatoe of tba pole and nf tbe K(!n> of loneituda 

Coniinjaaion 3:3b line qow de^nod tho foltoving Taluffli of tbe nJeTMit quantities:— 

{1} Tho oev north galactic paid Ites in toe diiectioD 

a-+37'*.4 (eqdnox imO), 

(3) The uu# KOTO of loDgitndo i« the greet Hmi-cijrclD adgtiut.tmg st the new north galactic pole at the poaitinu Miglo 
$m 123" with respect to tbe eqiutariiJ pole for 190C.O. 

(3) Lrinijgltiule inenoaoe firooi 0" to 300*. The ieceo is sODh that^ on the gttowjtio equator, incre4ein|; galactic jongiltude 
eorrc«por»di» to iooreaeing right aacEnsiem. Lalitnde Sticr©*sea from — ftO" thmngh. 0* to +00 at too new north 
galantla The qnvtem i» therefore Himikr to thi: Ohlaeoa aystem of oourdinatm. 

The ahoire qnoolitiea ora to bo re^torded ew oasot oo that the now galoctia ooordiBatw mnjr l^e comphtod to anj denired 
aucarAc^ in tomu of right aeceiralo.Ti and dealioaiieti for the equinox 1 OSftlX 

Other Vsoftil ^Allies (restricted oocnniey). The qtiuttttloa wki^ follow baro boon eoniphited fhito tha dofinltbn hut on 
gji?on only to an acenrmoy of the dearest integer in the lost digit, 

(a) The IIMQ.O yalose oanfepaqdjiLg to thooa in the dofiiiition. 

Sow Pole a ^ 1 

- V 1900,0 

S-^+ 27'40' J 

Xew I^ngitode Zbhi at pcaitien angle &= 123".04* (1000,0) 

(h) The old galactk Qonrdiiwitos of too now poiR 

Ii^34rT, 

{i^} PoHition of the point of xem longitude and latitude (new ]"«0', ho=>=0. 

In eqontorio) ooardituttu 

n=17l‘3»>«^.3, a=-28^54' (1900,0), 
e=nM2“.4, a=-3l3W (imo). 

In old galactit! ocordiDattw 

l*-337*.6&f b'=-r**0, 

NamAUOlsCure. At thu Moeciiiv Aoeocobly it urm dedded that the eyrabole b }» sbauld be totaliied for galactic IpngHode 
and Latitude rt^iwctivoly. ffammloiiioti 33b auggeiita toat, during the trouaition periodi the eywhola 1^+ h* ahoulil ho uiii^ (or the 
old eyatoni and jf:j, b” fdr too new (n»o. The Commiaaion aljmatfcngly roecatnEniaB toati apart fpoin these miiwTecripta, it ohould. 
be n^db quite clear wlbelher toe galactie oaurdtoatea uaed in any piibllatcion are baosd. on the old or too new systoin, 

BbsIh fhr oholeu oT new system* The new iiyatoto ie iniendod to be oriented, as dooely ne fa nc’w piairtitAbl^ ao that 
the ptk i" pBrnpudiEutaf to toe mean plane of too Oali^ and the circle of eein. iDtipitade jMpiees timmgh to* gotoctie cenfcni. 
The pole pofiitinu was haoed piimority cm too dktrilHitiiitt of ueutmi bydregen in the inner parts of toe Ualoxy 7 kpe,, 
awiumfng Hcnn ** Itpe]; the meat i^ocjeo eridence cm too galactic centra came from toe locaricn of toe i^io leuruo 
i^Agittarius A, which ia pn^Himod to be the galaotic nucleim It wumitM a probletn for future mvontigatjen to ^termina to 
what oxtout Mere exMit jiuriticitui of tho layer of neutml bydiogou and too galaetic nuclenn dcriato iMmi tho quMititiM adoptod 
far the prewent rwriokui. Huwew, ft may b« eipectod tluit thma deiriatiimB arti *wien and will not gifa to fiirtbEr jm-lHituin 
of the galactic tmordinato ayatoiu in tho Dear fature. 

Tbe new mntoed of apedflcatinn of toe acm of lengitud'e in terms of its poMEtion angle hsa been tousen bocauas thus mjglo 
ia otiB af toe qcmititiofl ueod directly in conTorsbn formulEe fi-nm ^i^wteria] e^ mloctic crEordlnatefl, 

The equatorial ptoue of tho now eoerdansta systoEU must of nec^ity pass toroTigh to» Sum It is a fertuuste uSroumitaatB 
tout, witblu the oWrvationfll uncErtainty, both tW Sun and Sagittariui* A lie in thn moan plane of tha Gohmy as dotcHnitied 
fpDiii tbo hydrogen {>bmr¥atiott& Tf the Son hod not been »o placed^ potnta in toe mean plane would iMJt lie on tbe gnlantiti 
equator. 

Cotnyeraiun Tables, In accTOdeoco with a deciinion takoti at toe Maseow AMsembly, wHivorMon table* froin (iqtiato^ 
into galncstio DpcjfdinatJtM and tIca reim, and from tlio old and new gelootic tsoardmata ayetEniB into each other, ore being 
publiahod under tiiu eupervimon df CotdlniBiicb 33b. 


Hotu rt^Ardlb^ the foUiywln^ Vaps- The two Oilactlc Charts and oil GfUnatic refereuena cm toe other fnape in this 
edition are baaeid on tho tore-1 BEiJli Hyetom, JUi they lunf befen rnprinted only a. week priof to the MiOSCOW annoilUd.mOJit of too 
impending ulmisgu of laaia* In any cam^ the ESiynr cbangeM that would be inTolTeu to torif ollttatinn to the new aystmu ftyuld 
not have hoen mode at short notioa. 




STAE CHARTS 

iBBREVIATIONS AND KXPLANATIOSaL 

Small CrossM (+3 iudfcata tho ppiotH of iiitofiMJini of liow of IniAHKiKlimto 90 tnintitoi of mil 6* of 
DadiliAtian, 

larginAl DtPlJloiU in ILA. doaoto 6 mlnatei of ^diuwil time^ md in ttadinotwn 1*, 

T {sznftll, to H starj (imirtM A itiir wMflii imeliw £nJi tni^tiido ot loss at its mMimnm 

Ixrightnw la utufkad bj a iiiiJiH oii^o oolfi 

n or Eq (small# to a A wd. aimgo, « tthIIow afim In tl» of E-B red bImm, Hu ieita R i* not 

added ■« Hu lottus E-B uo a nffidont ludk&ttoo of thn dolotir. 

VambOF only tto & !rt*r)t Tba oimibw in FlaKtHtaed'is CsUlogiK Britmiiteua 

Numbor undorUned (to a itarj, tf., ^ hsor nornbiB- in MmiJ^ Gatalogna. 

Gnote OP Homan LattOP (ta a starV ^lu leittw ari^od by EayBF in lOia, and, nnoe Bayw^i tima, hj 
LhmIIo and Gould in aoutbeni ooDatellaHoau. 

Mttmber only ito m ntbula). Tba ntnnbur pTen In thn ET.G.O.^ tIa# iho Nov QeiHsaJ Oatabpfl* being ib* 
Qeasni OiUVoguo of Natol* by Sir John Earaohal u mriiod md anlargd by Dwyor (IfiAS). 

Mombop with soijUI oiunbep to tho right {to a aabula) Bir Wilikm numbon ud the da™ 

Into wWob he diridad tha Mbulm. Thu^ 3?* — HIV »?. 

IhesB cUaM an :— 

L Bright oobolw. V. Veey larg® lubtO®. 

H Fsint nobolKL VL Vary ooropirwaod atid Hdi duton of otwA 

HI. V«y &kt nebnlia. Vtl# Oompreemd oliwtnn of mull and bugc stum 

IV* PkaetKy nabolm VllX, Couwily nattered olnatiiri of itaim 


AbbrsvlAtloiis of thi KnffiAS of ObsertBPs# gomopiilly followed 
by the fUimat auinber from their Catalogaos* 
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The neir stwf fir»t seee by Tydio BnJii^ Ott Nar 11,, 1573, whee tt «*« brighter then Japitar^ than fci oppciition 
and near paiiheliaa. It bdod became u bright u Vemu^ and wea seen bj aaiud even In broad dnjbght. At the 
end of the monlii, it began tn fade gmdqally^ and und^went a aucceBaion of ohang« in. eolanr—wbitei yidkrwbb, 
rnddy^ and Anallj leaden. At length, in Marah 157i, it ceased to be risible. Tycho^s InstminentB were toe mngb 
fnr hLni to deteroiiRe its plw» «itb great aqoqTnny* w that it is imqertaia whether one of two faint atar^ near the 
position that bo gavi^ ia idimtinal with the Nora. 


Nebula and Clusters. (main 1 and 93 fritfiemd 


336, H.Vm TSCasaiop.,tf‘40“-fli +6r3n 
661, M103, „ I' 39* % + 60* 36'. 

66A S-TI31 „ 1*43"-5,+61* 0‘. 

7664, M5§, „ 33^* 32- d), + 61* 19'. 


A fine dealer^ wmewbat w sbaped, Half way from y to s. 
BesndfQi field r/acdalightljli'.of 5: contaiiwSlSl andared star. 
A fine open olmtoT;, risible m finder. Incilndefl !S163, 

Irregular elueter about 3(7 diam., onntainlug an orange star. 


6643, E.1V 37, I>raeaiili, 17^53*'0^ +6fi'3S'. Planetary nsbala. A reoiarkable objeot: very bright oral disc lik# 

a star oat af fomis, with a central 9"-fi atan Bluish j nearly at 
the N. Pole of the Ediptiiii. 


3031, M&l, Um Mi^oris^ 9>’ 61" % + 69* W. 


3034. M62, 


+69*68', 


5332, H.l 266 


l3^l7■^9^ +60* 35', 


Bright, with almost stellar nadeiu greeped with small stars; Spiral, 
with nther faint anui. 

A narrow enrr«l ray T * I'-e* with rifta. Beally a Spiral seen almoet 
edgewiML Within |* of MBl, which isinolttded with a rwy low 
power. 

A brigbl^ roondiab oebnl% with a brighter wnticaJ part^ 


* PoianM. Baafty Ibnad by the Paint^i faand 0 Urate Maj,b 1* firom the K. CJostial Pdle In 1 : nearest In witnin 

tt is eeaj with t| indi; caDQpaaiiui hidhli. The krae stsr u a specinMoopla hmaiy nod abgbtJy variaUe. 
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Bfniiry. Period 124 yearsL n.p,if. 

And btu#, Mftgnirieent objeatp 
Very daaa HnHryj F. 55 j, C^loeiFig Ifl45. 
Biujiiy. [Widest 0" 8,197 L 

No AppredAbls ahui^A. 

Binwy. ineroAamg^, diatAnea deerosaisgi 

Littlo ehAngA, 

Biiuuy. 

F.A. ilevly utcreAnag, diituico diminlibing. 
Sliowbiiiwy. and d.deiCinABitig* Test for 
YeUnwislq nndblafl. [24ii- 
S]ow retragnd^Hietjoii; Incruerng duilaticiA, 

Teat for 2-fo. telescope. 

UeantifTil 5xed pair. Fine for unoU telescope. 

Biiuuy. tncressing P.A. 

BLujurj of laog period, BOO ± jeara. 
fTo ohHDgfl. Grand low power Beld. 

YsUow S4id bltie: A ii variabK see ftwtnoUk 

Direct Angular moremeut 

c.p.Bi, 

BLEUirjr, parifyd 316 yoara. Dutimmineretuiog. 

F.A. inenuLsuag, 

Idttlie ebange, 

nolnGvely AitecL Wbiie and blue. 

MultipleByafesnij dutant stare ni^ags. lO ind 11. 

Optical Diiiatioa ioereasing from p.fn. 

Long pmiod binary. F.A. alowly decreasing, 
B has 11 mag. com«i at 2" 'O dutanoe. 

F.A. and dutanoe alowly dcoreasing^ 
tittle oliaugtb 

Binary^ with orbit ia line of aight. Widening, 
PU* slowly decreaain g. [F. abt 150 yn. 

Clciie dcmblft pjl. be^Yjasing. 

Relatively 5xed. 

FfA- incroasuig. 

Binary, P.A,deepeasingr nthmag.staratCT^ 
l^iLtle dhange. A ii variable. [1620. 

RelAtivdy hied. 

Relatively ftaed. 

Orange and blua Belativety fixed. 

Little obangB, 

liektiTciy fixed J 

Pale green and bLua: PJL. and cT diminisbiiig. 

Relatively fixed. 

P.A. slowly decreasing. 

Relattvety fixed. 





Interesting Objects* Maps 3 & 4- 

ffUL XXII. Kit«, TO II. Hub. Dko. 90'N. to SO 

Variable Siars. 


epooh laaa. 
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Long period variable. 


Nebulafr and Clusters* (Haps s ud 4) {J7f^*tterrd mn et««i 

2£4, M31 ApdrpPKdK, 0** 40*" 0^ + 41" Tko ' Great Kflbula La AiidmmAdK,' tiuble h a ■P'^t 'tb* naked 

eye. i^Tign o^al, and brightAniiif towarda the centre, with alinegt 
BtAr-like nudeui; photoe by the lOO^ibH tcleicope reftotre the 
outer parte into itan. Aaeumlng 'red-ahifi' h due to Toloolt^, 
like aU uLher eatra'^galacUc nebuls It la reoedlrg^ thongh ep. 
pareullj approjusblag owing to the Qalaetie rotatbn. I^istauee 
■ppr[>^ JffiOCpOOO liflit-ymri j it u tbe neareat SpimJ eicrpt 
in Tmngntum, which ia probably rather ne&rer. 

76$2, H^rV li, Aodrom. 23* 23»-4* + 42’ 12*, A remarkiLbly bright^ eUgbUy elliptical, planetary nebula, 32*' x SflT, 

hluiih^ With a low power almint tUrlike f in a lO-io, telesoppe 
the dinky centre makei it annular, A 14 mag, nuclem la Tuiblo 
in Terr large Meacopea, and cImt in photogrepha 

467, H.Tn 42Cawap,, 16^-0, +6S' S'. A condennd oliurer of moderately bright atam IB' m diaineter. 

Attending which ia, howaTer, probably much nearer ue than ia 
tbe duater. 

77-ftll', H,Y1 SO „ SS^Sl^'S, Sfi* 8ft', Between, p and w, A large olQiter of ¥»ry fain t atwra. 

7243, H.Tm 76 Law, 22* 13" -1, 4-40*38', A ftne, open, irregular dnater, followed by a bcnutiful field. 

ABO, Mrs, PEiaei, ... 1*3S" ‘S, +51' 3tf, A dtroble nebnla^ like tho ^Dumb-bell Nebula’ la yiilpecn!a{Map 13), 

but much imallar. It lit a gnaeona DabuJa, and therefore belonga 
to onr Syatem. 

608, M33, TriangnU, 4^30*24'. Yery larg«, faint, iH'defined nehnla: central portiona the tnighteat; 

irregular nodoeitiefl giTa It a onrdled appe&ranre. tTae rety low 
power on a dark, olnar mght. Spiral in pLotographa 


* 9 Ctphiu Thia liar ia typical of Claaa IT, ahortpariod Ospheid TariahlM. Ita roagnitude Tarf™ fh^m aW a a to 4-3 
(lan^ 0'7 and ita period la fi-a? daya Ita rin from mtiaimiim tn nwnmutn occuia in aWt 11 daT% and ia tberefom 
more rapid than iu dedloe, which oooupuia about 4 days, and ia not uniform, but aah^oA to slight oiLilktiona TbeBeabangH 
an repw^ with gnat rejpilaritj. The Tariationa an thought to he due to pul»tboa in the a^oinbgre of the atar, but 4« 
caun or tna nudabili^ ii etill in doobL 


Interesting Objects. Maps s & 6, 

(ItA II. Hita. TO VI. Hm. Oio, eO’N. to eO'&jL 


Doable Star& 


itPooH leso. 
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Tbet^ it a 10 3 joeg.^tAr n ll0*j d. 
Teat for 3-iocli teleaaope, 

Trijjlo, 

FA. very alnwly incineaafisg^ 
tl tnxg. atxr kL i r-l rtEsUaos. 
Teat for 4 inch toloxoope. 


Betatively fixed. 

YeI)oar aod bine. RalAtively Ap.m. 

5 7 meg. iiw 7i»UaTUb. Ltt tl® tBlati vo roora- 

[nieiitk 

Very Blow increuo of P.A. 

LitU# elmrigo. 

The 5-9 lUr ia e aJoH douhl% (I93fi). 

F.A. ilowly inereulng. 

Topiu jLod green. Piiie contruL 
Litde obenge, 

HelatiTely Axed. 

RdatiTBlj fixed. 

YellovLth and blniiL HdetlTelj fixed. 

P.A. lueneMiDg. 

Ftne field. 

Ifo ohaogB. Oth#T etam in field. 

Piffd. The attenifant ie bl u iib. Teat for 2*tiL 
P.A. iloirlj daoreMing. Teat for 4-iRDh. 
Rolntivciljr fixed. 

ItolatiTely fixed, 

UeUtively fixed. Teiy fine region. 

The rmjjffiitiin in Orion, Two other Btdn • 
ItoLatlvelj fixed. NBbnloDBgloWr [teaifor 4-xia. 
Fine group with ilriklng eolnura. % eixra in 4 .in, 
F.A. ikwly iiiorBaxing, Test for 2-ineh. 

Teat for 3-inob telesoope, 

Yellow and blu& SeTeral faint mmitu, 
C1q»1j/ IfiFeraei. Twt for >3-mixb. 


BebilnTolj fixed. 

Slow nhange. Probably a bioairy. 
tlelnUToly fixed. 

Afdiharan. Dlebaooe inonaa]ti|! tnooi p.i». of A. 
P^A, deoroflaing ; diatanoo Inomaaing alowly. 
PA^ very alowly ineraating, 

Yallow and blue. Fina pair. 
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IfTtignlftr variftble.t 

Me ■ 

374 day* 

Long period Tariabla 

M2 i 

... 

Iire^liLr rariable. 

Bfi 

3-87 dftya 

Al^. The typicftl Algolid.^ 

B3 

3-9 „ 

Algal eclipsing I'ypt!- 

Me ^ 

970 ,, 

, Long pfiiiDd variabJe, 


Nebulae and 
19IS, M3B, Aun««, 
I9SD, Atse, „ 
9099, 3137, 

1068, M77, Ceti, 
1970, M43, OiiaQiR, 


Ousters. cmbsh s ud s) f rni«t^ncf m iAah 

5 b 35 ' 43 ', ^ 4 irikin 3 , Iwm, uruailorm clojter, la ft gLonctui neigh bo^rbiTod. 

fib 83^ >0, + 34' 7% An open alnNteT of stars of mag.8^14, regulftrij amngftEt Aorigi& 

5b 4gM 4.33- 33', f igg gpeQ eimttir, Ruddj 9 th mftgnitude ttor near the oentn. 

9 ^ 40 "^ 1 , — 0 * 15 ^ :^ii»il, maud, iftintUh nebula, eentmllj eiiipdenwd l*/^, slightljB. 
gt 33™ '5, “ &' SS'. Thft Great l^ubok in OrieicL, vulbb lo tho naked eye ss i Orinnift. 

A grwniili, [Regular, fon^hufieij be^t aeen witb ft low power. 
With higher powers, the bright ' Hujgeuian* rpgioD tliowi a 
toottJed appeftrmDce 'like the brtdbLing up of k rnockerel sky' 
J. Benicbel). Inciudefl the ^Tniptiiuiu* (sae pneTioub 


869. H.YI 33. 
884. H.YI 34, „ 
1039. H34. „ 

1435, TjHHi, 


2»ir- -2, 4-56'55*. 
!^20“ -4, +66'53*. / 


magnificent cloftten, vlaiLle to the naked eye^ ftnd fine objects 
eten in iniftU telniMsopeii; the dlotitoter nf each ii irbout 45', 
There ii a fine mby star near the centre of 884. 


^38"'8, 4 43'33'^.^ A fine logie cbfttetr, just riiibJe to the naked eye; it coDtains the 
dembb star 0X41. A low pewer U reciui^ to oorer the iarga field. 


3*^ 43"'9* +23*37'. Fdnl nebula, near JTere^ in the Fleiodee^a duftter which ret^nirei 
a very Large field; well seen in finder, Ordinary eyes see six or 
stinen ston, but soms can eaunt many move. 


1959, Ml, Taini, 5*^ 31* '5^ +31' 69*. The ' Crab Nebula,^ near £ a flint, oval, gosnoos nebula^ II* serrated 

OUtlidA U visible Uolj in large insiruaentft, discovered 173], 
And forgoLten; its redueoverj by Mssier in T75S, led him to 
moke his oatalogue cf 103 nebaii^ 


* Jfira, ' Tti« Wintdarfiil.' IkwumD m < ftsw starfnr ■ |bw wsaki by PhkrtBaiiIn |SDI, apj ^ ^jtrlft ItfOS, wba stoIq^Hl ft ■■ 
• 0«li. It ii»it]t£b[bl«UM|pt fai »fershubb 4 UMiUu,risUbg io > lainiinain nf S'£ tc VQ nug^.i; tbsii it beoatacs vuibifl Id ttisas^wl 
•ys fer sbdut I shantbs, iidn|; at mi.Tlwinm unoUf te Ird oriLk hut uttuAtissi t4i &Ul at io^. Ila k dhuts rsfld ;iti 
Atin»isntin ib* light him HiJ i w i hua ItOO tlnHS, spjHnoi^H tbs rasult of onthurtki iif bjdro^q gB4„ Msikto period S 3 ^d>j 4 , wiih 
Largs saHsilova 

t BdtlfFtT*^ U ocisaf thA reddest cf the VHSl^t S&lra Its snguW dikiitSiHir, ntursursd bj the bitsrfemmslar ir{(]i tbs lOO-iiu (slasWpi^ 
is about 'D'''i]i4S, glTing on sotcal diamstier of about flOd,000.000 ipllfiir^lsrgs Acuuf^k toffldliido Suiilf tbs whoJs nbit of Um SOrth. n tw^ 
ths mHwurso tstj, It sppssri that pulsstorj shaTigw ra lbs stor^ dlsmstor maj bo eouoHlad with itt ToriaUUtjf. BotsJgnm hsa a ■""" 
dsbsitjr obeiiL 1 milliDutb that of wator or that of sJr. 

J. Atg6t, lu csiqo, 'Ths Dsehihi Star/ sugjgaaLi that lia s«rlal£lit; WM knotan to tbt Afk 1» omuri» sgo. J| [p L^pin] of tbs * dmi. 
oeUptuig" voriobloa Its mognituidB for ob^t 2d. 1 llu k lubitaatlally eosatont at S*k, hut with a sligbl mnnidarj foD sad rits^ af A ""'•g. 
at boif-waj [ it thsa doernws* mpidlj ts Uisgi 3'i in obent C hours, sod in ouDbliBr E boun roguni Its AH{|ihjU brigbcnsei. TVi™f akout 
4t houn. The ebougo of light k duo ta Cm itora orao bright, tb« oUwr fkiutr vwrf obiSs Isgslbsr, rvfoilTing roozul tlM^ <jnrnn»wi omt^s of 
paTity, snd matnoU^ solipiing vsb olbir. A third star It ixslndad In tbs a|strsm. 
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lUlmtiTelj flxtd, 

ReUtiTBlj Sited. 

RftUtivfiijf fixed. 

J P. 60 jwn. Wldett I'-l in 106(31 

i Third Htar 5 5 m^. nt 5* 4 diitnnoDi, 

PJI. ilowlj lo^reoiing, d, oonitBLnt. 
litde dhengjo. 

YelLov and bluet fine coutmaL Ko ehonget 
I^,A, olDirlj decreoiiiig. Test for 4-indli, 
Bftlntivdj fixed* 

HelatiTEJj flseii 

The i>os Simr. Widest 1 r-5 in 1076.* 
Yellow and blue, tittle cbon^ 

KektiTelT fired, 

Il'O mag. star nt 21" diatono^ 

Yellow and blue. Ho obongn. 

deerejtiin^ Inoftase in dietonoA. 

RelntlTfllj fljEiL'd. light test for S-mcb. 

3 3 mag. iLar b jEllowyib. Teat for Sduch. 
Caator. Yery fine objecLt 
RelntiTely fix«L BeUnate pair. 

l*np £ H^dm. RelntiTeljr fixed. 

P.i. tnereoaing. A a olofeo 15 jeer biniiy. 
lKsLin<« dccfttuing. Light test for 3-jnnh* 

Qtoie hinuTy. Period 117 jeam* 

LigbL tut for 4^laob telucope. 

DirAflt movement. Orbit doubCfuL 
5 3 and 6i form a binoiyi very long period^ 
HaUtivelj fixed. [retrogrado. Test fur S-in. 
Light test for S-ineh telosoope^ 

FJt. deoroosbig* 

Yellow iwid blue. Grand low power field. 
Baautiftil fixed triple st&r* 

Biiuty. Direet isOTenient 
BelntiTolj fixed. 

PJi duniniahing ilowly* Teat for Sdnufa, 

P. A increoaing, d, deereuing. Test for Ain. 
Binary. Period 113^ yeoni. 

lOtbinag. starat 60'' d mokes with A., hilSfi. 
Pine rontraat in eolooro. 

P^. slowly tnarenaiog. 

Ihtuiry* Period 34 ybors. 

P.A. ilowly inoretiaiag. 
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Nebiilfs and Clustersi (Hapi i and i) {Unitti^nd jVm. an iaah £f.0.<u) 

3S52, Mi4, Caocd, 6^3?“*"%+20'Hy* (tbo BoohlTe) of tbs mn&iftiit*, A liir^gp scntterad cliiit«f 

aJmDit resokft] by tho nokeJ ey»j eontiuaa lome ornsgo slat*. 
Beat leen in finder, Of with viiry low power. 

2652, M6T „ 8^ + IS' . A roughly eirc^ilaf, open duiter of faint itaw, dktq, Sr, I*w 

powBi object. 

2287 S£41, !*#«} , -20*42', A ine opaa diutM of bright Htan In oarrw. Juat riaiVls to the 

tia]i;ed eye. Th*™ ij a roiliij star near the oentpe. 

3165, M3B, Cemiooram, ^ &“ '7, + S4‘ 31*. Fiao opto duster of Wiffit (tars in stroama, with many fainter itarL 

Between * GeiniDoniTn a&d f Tanri, a littlif to N. 

SI22, H.tV 45 „ 7*26“-3, +31' 9*. Oral planetary nobala, about 35" in dJameter, with fl’6 mag. oentrai 

■tar. 

2344 , E,Vn 2 , Monoctr. + 4 " 64 *, Benotifnl open olnater of 7 th to 14 tli mag, stare, Ti«ibl« to the nahed 

eye. Inclndoi the 6th long. * giant* yeUow itiu- 13 Monooerotii, 
probably aearor than the clutter. 

2503 H-Vt 37 j, T^fi7“'5, - 10* 27*» Fine cloud of faint itan, mag. 10 downwards in grand region, Bett 

aeon with low power. 

2437, M46 Poplri*, 7^3S»'6, -14*42*. A beantifol oloitwr of amall tiara, about 30* In djameter. On iU 

Qorthero odgw it tbs irragular pUnetarj ring nebula 2435. 

2410, 1I.IV 04 „ 7^39“‘6, - 18' 6^. A bright, bhlidi, planetary nebnla, in a rich neighbourhood, brat seen 

with a moderately high power. A 10th mag. ruddy itar foUowa 


■ jJt'nui. bf^fatMl rt*r. Btkw™ I8il Mid IB4*. Bwml fcjjflrf thal It hid wwrj ImgokrltiH in tti impn- auden, wl Mae lo 

tbt coficlialoa that the vtiitslB itar muit be paiaaii LhB «Dtn of of iti«U, and ae bvUfaoiin ilar, in i pariod of 

abool 44 f«an. The enn. of almil dih magnitudH, mu dlac^fwnd hf Obfll In lldS tuMX ita predirtad p4afia Vnima atnti3i|?ber]n cm- 
m h h dlflUr^ll, iw to m !t> 4f«n wbtn wi(ieit,tkduf[h ia aomatiiini riilbEi in a 6 bush telnsopa. to l^SI, whca 

eJiMMt {abeut S') the latiat tUr ma IL wai neit ■sen bj tTaim h^ In 1494 [d, aud wbleowJ to Elt dwtuuiB ef 

ir''4 abwt 1994- ft M now rap£ilj.y ctoamg, and frara 1S44 t« ISfit) will b« larWtda la ail ucapl the larfett telMwpsh Tba hwuh 
{■ a ' whita dwarf' (BpdatraiO ataast VT), oalj ahnut l/tO.BOOlh aa bri^t aa [bi primal^, Int with a mmi | ac^rut. Tti dnultf U BS.OOO 
that dI Ibt Sum, w 50,bW] timw that of water, tla dlaiuBliff u oalj tbt^t 24.000 talkie bat It mitailu alnKWIi ai much matter la 
thi Bun, whiua dtametw li S4l,MM mn«a. VTaadlifcjr (1930) DbUlncd dUlcttat rantlUj a mean ma^itudaaf 7'L, a dlnEDater <4 IB.OOO mllu^ 
and a dfiOBit; onlj | ef thit euiallp adopted. 

t Chiter, A Tuiy flea douhls aod fadnary atar. la alow rati^fnda ELetiui, with a pwiiKi of about ITJiO rura Hie eocep^HiK&it ttan 
ai thoir wid^t jutanee apart. 4'"'b^ abnut IBSO; they are now denng and willocmiiblu to do r for Boffia ywa. Beth at the atan are 
tijpaHM, with of abantfl and 0 d^i rafpoatirdy. A third faint a|ar, al» a dnaa bisary, fonna jart of tha Husa ijitaiB. 
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7-2 j 

336* 

6'-4; 

1923 

41 

tl 

10 

47-8 

- B 

5S 

3-0*1 

11 7 

503'. 

3T'"*3^ 

19S6 

fi Urw Mnjorli 

u 

164 

+ 31 

50 

44, 

4-9 

399*1 

V5l 

1937 


» 

11 

168 

+ 33 

22 

3 7*10-1 

147'i 

r%\ 

19ie 

67 

II 

u 

S6-4 

+ 39 

37 

69, 

6-a 

1*1 

6''-5f 

1924 

i 

ii 

13 

319 

+ 55 

11 

21, 

4-2 

150* j 


1006 

i 

Vdonmi 

10 

39-9 

-44 

49 1 

6-a 

6*5 

! 

919'i 

iroi 

1913 

P 

rf 

10 

44-6 

-49 

9 

3*0, 

38 

BO'i 

r*i = 

1937 

£1637 

Virgimi 

IS 

160 

- 3 

40 

69. 

6'4 

196- [ 

19"Oi 

1996 

IT 

H 

n 

300 

+ 6 

55 

6-3, 

9*0 

m*l 

iro: 

1996 

7 

1, 

13 

39 1 

- 1 

10 

3-3, 

3-7 

317*[ 


1938 

d 

1, 

13 

7-i 

- 6 

16 

40, 

90 

343- [ 

7"-3! 

19S1 

ai 

II 

13 

36-0 

- 7 

3T 

7 5, 

7-5 

40*1 

r-e! 

1999 

84 

tl 

13 

40 6 

+ 3 


68, 

8-S 

230*1 


1934 

£1786 

1* 

13 

62 4 

- 7 

49 B 

6-7. 

70 

S3- 

3"1 

1917 


I Hotai 

I <leoreu£iig'. Btvm bltiiih 

deenuing. 

RektiTJelj Aced. 

C&t Carol% fiisd, 

Binwy, period 330 jews. deafemaliig, 

tbwij dnrreuiD|f« 

Little eh&ng& 

Belativelj fiiedn 
Biniiy, period SO /een. 

Eeloilyely fliod. 

ReUtiTBly filed. 

Little ebjinge. 

ReiktiTely fixed. 

ineTBuicg. 
lAtUti ofaeagc, 

Biimy, /*. 361 y. Widecinfl, P^A. dflcreastn^^. 
TeiJev end freenjih while. Rslxtively fixed. 
Long pei«od binarj, inenuiiig. 

FjIh ii inareuiitg. 

RelfctiTflly fixed. A if yeUov, 

Blow LncttAae of P.A, 

BektiTely fixed. 


P.A. elowlj maramdng. 

P.A. decnneiumg. 

Bin iryj P, 407 y* P, A, end dixtEUDOi tiiereulDg. 
Uitle dmuge. 

Slow ioqreBie of F.A. 

Biouy of luiAerEflie period. Cl«i|ig. 
fieletiTely fixed. 

Yellow jwd liliw. 

9*0 ntagDitoda star at $3" diitanoe. 

Little ehange. 

Little ehuige. 

Bine^, F. SO j. ClwMti 0^‘Si In 1 OfiJ, Widen- 
Ralativaly fixed. [ing to 1980. 

P.A* ijnwlj deercuitig. Cemtt ixrubJet 
ifuar. Slaked eje pair with Alaor. 

BftlatiTet j fixed. 

Clocmgi P.A. ingieaeiDg. Fine eoDtruL 
BelativeJy fixed. 

BelatiTely fixed. 

A Kpleadid binary itar.^ 

Teat for S-iimh. lOth niag. xW at Tl" dlitanoe. 
HelatiWy fixed. 

Teat for ^ineh teleiaopo. 

BinaEj. PA.. inanaiiDg. 





Interesting Objects. Maps B stiO - conunu ^, 

(It,A, X, Hne. TO XIV, Hn«. Dto. eO~N. to tti SA 


VoridMe Sfar& 


R Choir Veit 
^ Caiii* 

T Ceotuin 
V Hrdm 
R 

W „ 

T UrwU^wlR 
E VirfMi 

B 

Nebula and Clnslers. (IMLbih a and to> (Urtuumd yn. on rAw 
43 G^p H.y 4 ^,CiJtti 2 E V„12:^ 19"'A34\ A J»rge p«iti^iibii|i«d Debtik^ vith nooleiii la the lOathera port. Xb 

h Htoalij 4 Spin! iHth t-vra nwn njm^ fljid inanj eaDdeiiuilioiir. 
BOOS, M63 ji 13* 13“ ■fi, + 43* 18'. A br%bt, otrI b^UiU, tf )i 3'', wltb central nucjeut^ An Sth mug. *tar 

la phetugjfapbt H app^an h a Spiml, wibb 

compocb whorla 

5194, M3l ,, 4’iX''37'. Tha lorgeT cf two nebulv nearly in eontut Bpir&l u seea la 

IS-ineh teleK«p& 

5272^ m 3 ri boadtUal, bright, oondenoed globnUr blaster. The outer parts Dim 

be rtfciltfedl into etafa with a 4-iiich tdwaop*, and tlie whola 
oloster in a 3-inch, with high power. 

337$t A309, CartMt 1D* 43"’0, —69* 33'. Tha 'Keyhole Kebnla,'a dillhflcd branckijig aebnla ronml AigAe. 

OjiMona. 

3533. A33S „ 11^ i** '3, - fi3' 34'. A magnlADent eluter of stars from 8ih-l 3th magiuttide. 

0139,0, Caflanfi, 13^33“ 7,-47* S', A noble globalar olixiter. Like a tailloH oomet, aearlj 4th mag. to 

the naked eye, It ia 30* in diaioeter, and oontalDa thotuandi of 
13 th and iBth tnag. atare. 

4801, M83j Cosue Ber., 13^39™ '5, ^14*4T, A Long, bright nobala, with bright oentre and DondenaatuHia, 

Maity nehulflii in this regEon. 

4598, H.V 34, „ is* 33^‘^9,-(^38'16'. A much elongated nebuEa, 18'x T, with bright eanim, and dark 

longitudinal eentre streak. The Eargeot edgewise Spiral. 

4S36, M54 M 12'B4“-3, +31'57'. The *Biaok-eye Kehula.* A hright; oral nebnla, with a dark central 

area of absorbing matter, risi ble in lnrg« telescopea, 

3343^ H.IT 27 Hydne 10* 22“ *S, -18*33'. Planetary nchttla, 4<r x 56"* wUh brighter inner ring. Pale blnn 

tint, 3* K of fu 

3687, M37 Ui™Mai«flaXl^ 11“^, +56* 17'. The 'Owl Nebula.’ A large, faint planetary nebula, 3' in diameter. 

Large aperture^ low power and ulnar night are required for 
a good view. 


* ^ yiryinA A Bet bin^iy with a pariod ef iibmit tS4) jwir*. IttotUtk scecntrlc. tn 1790 III dlataiue th E'’'7. tlclMad 
«p tffl in 1434 A}, it ippouwl fetHgta im aJl bol th* CiwI Piwpat leCfacCor apUturi,), wfakh atongnbed atar. 71 ib (wlr 

thra ridbOAdn bwmina an tBlMcric objut, anil iwlirag iti widait (4"'2) about IDDQ. It b mwr fICSAJ almrly edoaki^, kb 4 wilt 
a^En apj»ar ibiglah «WV1^t io li^o ukitncnHnti. aboot tba jBat £014. 

t e tVriM. It wiW a«a ua 4th magritniii} ifUr 'by In 1677, Mtid oMltlated bfitwHn that magnttaiSB and iiQ 1S14. wbao 

tt b«^ to tiw, rflackbig lit E^gnitodlr [m 1437. It fall to 2nd nia|^ikttu[le for about ^ JWN, rw to tUag. 0 In IBSS, watab thfa g iHifel, 
faded aacqBwbai, and tboo. £h 144:3;, bMame naj^ -IHl. abcmt u bright ai (^oiujiiia Uut maxlsitttu it doaUsHl till ithAWUt 

to tliB nikod vft aWt 19(M-94, 7tb mag. 7470. ftbiw Hmh li liM eOL Bbug!Kl mDob Eu brightim. It baa a pamliar ipMlnim 
with br^t UHik and ihnilih pwhapl, Iw tdiMwed with tbn Htvwm. 


Ekmh IftBCU 


fi.A 

l>n. 1 
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Me 
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rNTERESTlNQ O&JECTS. MaPS 11 & 12. 

(RJL XIV, HrA, n XVIll, Kii>^ OaN. to flO'&J, 


Doutile Stars. 
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16 

534 

+ 10 
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3 0* 

40 

161* 
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1927 
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16 

4S9 

+ 15 
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50, 
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265’ 

[30"-8 

:1&M 
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Tagfufi 

14 

30-0 
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70, 
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174’ 

: 5"-D 
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11 

25-6 

- 2 
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97 

110* 

4"-7 

U9S4 


Kivbti 

Uttte chauga, 

EeMimLy fixad, 

Cctmt a e1ow9 bloRrj. Fpriod 40 J yfAra 
F,ij,i]iaw1jnicrQAsing.Probably Rjpibysita] pair. 
Biarnry with rary ecmutri^ erbit i*. 130 yn. 

{ ftdcJtiirrimti d£ BtihoTa Yellow and bine. 
P.A, ilowiy moRMaitis. Test for 3 ineh. 

Binary, P. 152 yn. ^ mere^ag to7'^'3 In 194S. 
Binary. F^, 205 yean. Highly iadined orbit. 
No ehango alufie 1&32, [Clodag. 

Binary, Period about 330 ycAra. at lOO"' d. 

™ A150. Relatively fixeiL 

Bmofy, P. 43 yn. Widening to 1"*! id 1950, 
Bcautifol objeot. Little ehoDge. 

Binary. Very long poriiMi. 

id DnoonU, 60 disiwit. 

Biniuy of very long ponod. F^A. dceraiuing. 
uid v’, Pine objeet, 

Little okange aiai»i 1M3^ 

Binary, Period 34 jeoit, Widest l^O^ 1054, 
Long period binopy, Widecil&i tince 1000. 
Orange and gncD; A is Torieble. Little change. 
An optLool pair. DietaD ce d i nuniahing. 

Very alow taoretue of F.J. 

P.A. ilowly dedteoaitig, 

Oold and blnei 

Very little eluuige in eitber P.A. of diatAnee. 
Test for Si-inch teletiecf»e, 

F^. deersoaiag. 

P.A. dHreoeing. 7^3 meg. star 34" af. 

Binary. 

Biuiki-y. Period 135 ynan. CleKet in 1945, 
TeiFt for 6-incli teletcope. [tancat 

Binary at rary long period; ilov change of die- 
Orange end bleo. Fntid optical pair. 

Binary. Period 334 jean. 

Binary, P.44Jyxa. 7*2nmg^.sUTat7*'’4,1&35. 
A hoe a close (jonmw, mag. 3 5, at Of" 3,1037. 
Both A and B ore eloan dottblea. 

No cbnngc aiace 1833. 

Aniarat. Had and green No certain change.'* 

Eelativaly floed. 

Tory n^r tho nebula M5. 

Binary. P.A. decreoaiag, dUtanoe increasing, 
Relatively fixed. Test for 2^Lnoh^ 

Little mlatiTO moticin. 

Tett for 3-inoh teluoope. 






Interesting Objects. Maps It * i2-conwnu«f. 

(R.A. XfV. Hm TO XVIIL him- P«£l 60 N. to OO'&Il 


V«iHable SUrs. 

El^OOH 

R-JL 

R Bnfitii U>35n-D 

u,w „ ! 14 a t 

B Cratmiri 14 ISO 

B CamnK Bor, 10 19'"3 

R 16 4 0 4 

T „ 16 &7'4 

30,g HereniiM Ifl 57^ 

a „ 16 43 “ 

a „ IT li-4 

m,% „ , IT IS’S 

I LEbrA 14 68'3 

U fT pIfinirlri 17 

t „ IT 60*0 

X IT 44*6 

HR Scorpii 10 63'4 

B SenMiiUs 16 4S'4 


IBBO. 

Var.irf DUfl. n SpHlrum 

+ 26' 62' 6«'13 0 Me 

+ 36 44 6-2-6-1 

^63 41 5'3^13 Ma 

+ 31 33 61-13 Ma 

+ 2& 19 5-6*12’6 Pm 

+ 26 i 3-0*9 5 Pm 

+ 41 69 4 7^6^ Jta 

+ 16 3 6-9 13-6 Me 

+ U 27 3*1-3-9 Ma 

+ 33 9 4S-54 B3 

- 8 10 4S-6-3 AO 

+ 1 16 5 7-6 7 BS 

- 6 a 6 1-6-6 QO 

- S7 49 4-3.5*0 F8 

-30 30 6-6-11-3 Mfl 

+ 16 IT 6 6-13 4 Ma 


FprEsd UotM 

292 dft^ Lcng: period vmri^bla. 

Irn^ftUr 

5fl0 dftjT IjoUfi ^‘^rkblA, 

sei 

IrragujuT rariiiblaf 
M I 

**» If IT 

300 d4;^ X4CLg period varibltlo, 
Irregular TariableL 
3 06 dmp ^ Ljrne typa, 

2-33 ,t Algol type. 

I’SB „ 

171 „ Gephaid tjpa. 

Till *, » H 

370 „ Long period THriftble. 

357 Long period T«iab!e. 


Nebuls a 4 id Clttster'S. (Hap* ii and i9j 

6206 M13 Herodi*, 16^39“-9, +36*3$'. The ^GreatCluitcrin HBrenlw'— a gfnjid globuJar elmtaf of tlienaandi 

of itus, jvwt Tisible to the tiakad pya, about | the {liihuiob from 
bo t Centnllj fotoHaJ in 6-iiicli telescope. 

6210 ^511 IT 16^42^-4, +33*64', A imall bright, planetary nifbnla, with a bteiih dise iboot ff' m 

diaicetM, and eiuTonodad by a fjslnt glow. 17 } 51 HcreioLii, 

6341 M92 ti 1T^16™*6| +43'12*. A Terj fiue globular elnster, ftbout 6* In diamottr, rB^emhiing M13, 

but smaUer and dosar. It fortws a triangle with *- and ijt 

6067 A36D;, Kordkt 9“'*4, - 64* 6^ A liurge rich cloater, 20' in diaoneter, i:onipesed of ttait of lOth^lOth 

magnitude. 

6273, M19* OphiwdA 16^ 69“ *5, -26'IS'. A fine globular duiterf 6 ' in diametor. Vary low in the latitude 

of Britiah tatea. 

6494 MS3, SagiWaril, 17^64“ *01, — 19* T. An open clniter, 47' In diftmetar, with stara of 9th-13tb mag. Pine 

low power field, 

6093 M80, SiSurpU, Ifi'^ 14* 1, - 92' 51'. A bright^ and muoh condensed gtobelar oluiter A mau of faint star*. 

6l21| M4 H *6j, - 26* 21’. Easily resolTed dnster of rathor faint itari, 15* in diameter. 

6405 $16 tt 17^36“*'7,-32* Iff. A moat beau tifol open cl niter of atari * like a bnttoi-flj with open winga,* 

6475 MT *1 17^ 'Tr ~ bvitliant open cluster of bright star*, Tislble to tbe naked eyn 

6904, M5i Ecrpcotis, 15^15“ *9, + 2* IG'. A fine globular cluator, 16' in diametor, eomposed of lUb-lGth mag, 

itam, with mueb-oompTuatsd Closely 5 Serpentli. 


* J nf^ T. wu Ml wnd I7 lha OrHltt fram tts liraflarEljr te Uw (Gnek, Ans) iii regard to ffidcar. It la a luioiEMitM 

'auper i^t’ itar {Spactnun MO], wEtk a dkastsf cF aheot arO.OOD.'OaO mite* Iti eewwi, greflii In eotfflif, En Dst oaually m rscapt vhm 
atmoiphirEc cjiiulidoiw an Cavwnbla 

t ft fVoiuv Sarr^it. War ui'^nl ywrit siuiiMiiDnaa many ai elas, Odai|arronalu atlu iihibbJ hrfghliieaa 1^ almutfUi Uagnltuda. 
Ttien It dcrgrasin miijdty ^ isTarat nMgHLtbidw to a mluiTBaea magidnidii of 12+. Xftfl- a ibort time,^ or after HTcraJ yaara, durittg which 
miDor fluftiuliDM ACCtir, it rim k^dn to Ita DDrcnal hrEghtaaia. 

* "H ChrSitHC Bamlir _tba ' Plan Star.’ lu Hay IS9A lldi ctsr me ludilenly fnDn 9-3 Uithi4 tugbititde. IfiaD day# later Et became 

piT^bla to lb« naked ay«, Mul a fnw weska it fall to the Stb toafpiittide. It reri^ad |e Tth me^Uude aiwi ikkC deeraawl to V-E 
Bad afbar bung inrUlble to the Hiked aye Cor marly Id yearv, Et foie to W mag. en F«b. 8, 19411, but again faded rapidly. 



Interesting Objects. Maps 13 a 14 . 

fn^ xvm. hrb. to xxit kia, aea eo'm. to ea tJi. 


Donfile Stxr&i 


Cpootf 19B& 
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Coma bo»t leati wrtb Mgh powt^r^ 

Lig 1 it-fc»t for SJ^incb tolfc^oope. 

Little. cbAnge, Teit for 3-inch t«l«Kopa. 

Jfafced nye jmir, a\ D mig, coma »t IS". 

B la ■ eloBs doublo. Teit fgr G-inch. 
tielntivdlj fixed, 

DiltAncfl mnd P,A. alowljr JecrcAaiiig, 
BdxtlTcljr flMd. 

Text fttr 4-incli, P^d. ilDwIip dtionruing, 

Biiiu 7 , period aboat 300 jearr, 

Hehktiveljr fiird. 

BiiLijy, iwriod kbont 130 joerv Test W 
Bcogtibil fleld. 

Yellow BJid bkSL OrAnd oostnst^ 

feJP.Wl. 

Long period bijuirj, 321 year*. Test for Un, 
Slow deargase of P.A. aed djatnaoB,. 

Test for 2 -iiioli tBlescope* 

Yellow and btue^ 

In the branching nebula GDGO. 

Test: for 3^-uiob telescope, 

DlEtan.09 incmsfng from IS’’,, 1760,'* 

Binai^f penod 49 jesn. 

Tflllow and smcnld. 

Triple star, 

Tripk, A B form a oloce binary^ P. 101 jn. 

T"wo fajot cemiia. 

DL-oreuing P.d* 

F.A, deoimsing. distance inerE&aing. 

Fs^. An optical pair. Lktaace ineroasfng, 
J The " Dottblo-donble." i* and i* are at 203" 
'I diitaiioo i each is a binary, 

Eelfttfvd; fiaed. 

Tkrae other pair* in a low power field, 

Binaryi jP, 88 yn. Widest 0'’'’^', 1833. Closings 
lUlatirely fixed, 

A ti an exircmely close binary, /*. 11'4 y^ra 

A A, memsing, 

BeUtivcly fixed. 

Test for t|-inah te!l 6 Eicop& 

Fine pair, 
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Xotw 

Long period Tudiblo, 
Oepbeiid tjpe. 

■ *1 

Irregolnr TarUble. 

Short, period variabi#. 
lamg petiotL Mira typa 
Short, period nrlabla 
Long period Tariabio. 

The tppieai Ljrid Tiiri&'ble,t 
Irregolar mriabliL 
Cepbdd t:jpe. 

It It 

I* n 

Iin^Iu TAiiablo. 

Oephoid typa. 


Hebiilf and Clusters. la and I4) 

T0O9, H.IV I, Aqnarfl, 21^ 1“ 4^ -11*14% Tbo ■Satorti Nobnieu' A rcry bright, blaieh, planetary aebala, 

9$'' M 1?^. The thin raye oraniuie oreipon tnth lai^o teleeeopoe 
only* Preccdea ir. 

70S9, M3 „ ^ ^ gioimUr elueter about T in diatnater^ A due object in l&rga 

tetnuMpea 

7092, M39, Cjgni, SlhS0"-5, +48* IT. A large, open dluiter of bright etore, well ieen with low powen. 

S730, Hiil, Lyne, 18*^fi3W“0, +13'53% The ‘Ring Nebula.* | Cho dbuore froni ^ towards y. An oral, 

ploDoUjy, 80" X SO", whith beaiift magnifying weli A Unt star 
/ii seen in a 4dnehi Tbs fainter central itor ia viublo in large 
initnimenta oiily. 

0572, OphiaeW, lO^ '3, + 6* 60. A smalh hut mrtmmfclji' bright, elUptical planetary nebula, 7’' fa dior 

meter, of a hLaiib oolour, It is, perhape, ibe Irighteat of ita hind. 

TOTS Mil P^go^p 2P27* ^ +11'67% A grand, bright, oandanBed globular elntter, 8'in dioiDeter, bisiniiig 

in the centre. 

6121, MS, SagittariL, IS^ 0* -6, - 24* 3S% Tba * lo^xm Nebula,' Tiiibla to the naked cye^ An ill-dehned nebuloaity 

■with dork patches and etarey: followed by on imegniar open cluster, 

8318, M17 n 1S^‘0, - 16* 13% Tba ‘Omega* (tt) or 'Horseshoe* Nobwlo, A bright and large nebula, 

in iihope loinething Uke a Sgtim 2. with a long, bright bottom 
etreak. 

6656, M32 „ l0i>^15*"-3 -33*67% A large, bright, glnbular cluster, about 16' in diameter, between p, 

and w, Tba la^er stars are ruddy. 

6706, Mil, SftHJ, ISh^gci-ai^ _ 6*20'. A grand, fsn-shapsd oluster, with bright star at apei. Dork 

etractnrea to the loutb. 

GSli, M27, Valpecuhe, 19^ 57"'4, +93'16'. The 'Ltunb-bell KebuLa* An eHipsa with foinUj laminouB notches. 

Serea atan—prohobiy nnconnncied-^aiw visible in a ID-lnch 
inatrnment. 


* Tbs ftritalaT ta haVa Ita |Minifl*a dotariBinsd, by &eiad in ISiS. Tka twvstan probablj fnraialongiHriDd hkar; s^tsto, 

^ {ndu ^ havi ibc panllaa, *a4 Lba path ol niadn to A b ilE^hUr 

t Lfra. Tba tjpual' Igrtd' « 'Bei^fat-aelipung' ^fazmbla It bal tW4 UOwqciJ nittitsa (na^ lt'6 rIhI 4+J, sapanlsd by tvs 
equal tnaiicaa {mag. 4*4). Tlw TarbUona id light ■» 4ua to tha mutual sclipaa of |«id miM|Eullf bright itaiu, aary oImb togvHar, and 
^fooidal to shapa ai Om Tvulb of tMa! dbterttan TwioA laill daji. 


Interesting Objects. Maps 16 & 16. ca. ew-oo* bMoj 

^OlRCUMHltJUl^ S0UTHX 

Doable StarOi 


Cpodh IQSO. 



1 

Li 1 

I>A!. 


P.4h 

OllL 

Dute 

Ifnsie* 

1236 A'pwUii 

UHS“-l! 

^73* 0 ' 

6 7, B B 

107*^ 

l"-9 


Prd. inemuang, 

L7507 « 

IB 

ea 

- 73 41 

5 9, 0 fi 

242‘ 

2'*0 

IBS 0 

P.d. iscnuing. 

Q Cvindl 

3 

Hfi 

-62 46 

fi’3, 

04* 

3"-8 

1S17 

T4ttl« change, if Aujf*, 

hilse „ 

3 

38'2 

-60 9 

6 4, 7 -1 

213*1 

r -6 

1934 

Prd. nnd dubAncd *low]^ d&creEiuig. 

LS346 

9 

17^ 

-74 41 

6-4p Ifrfi 

343’[ 

7”*0 

t0S0 

A il ft dlcni> doubk; dii^ce 0"'4, 1027. 

Ii4ai3 

0 

24-3 

-01 44 

6-0, 9-4 

327*^ 

&"‘S 

1617 

Belfttireilj fljced. 

■■ 

a 

45-9 

-04 80 

3'3, ^-0 

128* 

5^'-0 

19Se 

BvlfttiTiljr fixffii 

li430e „ 

10 

17-B 

-04 2& 

7>0, 7i> 

ns"! 

2" 3 

1910 

Uttle ahugB, 

1i43B3 „ 

10 

B24) 

-70 27 

6 6, 7-2 

586“ [ 

1--0 

1917 

Little ehftbge, If nn^. 


10 

B7 3 

-61 3 

6 4, lO S 

79*; 

3^'9 

1937 

Little ehftagfl, if inif. 

Cpr33 Centwori 

U 

11’4 

-61 28 

67| 8-7 

100*- 

s-'-o 

19S0 

« Cor. 167 (Jnaei). 

A il 

H 

304 

-60 3B 

0 3, I T 

310' 

4"1 

1S30 

S]9Wadl4 bioiuy. P. 00 jra., 2iid iii!ftre«t itar. 


10 

4fi3 

-SO 12 

61, 6 4 

08*. 

or-5 

19^ 

PA. tiWEfeftiiag. 

* .1 

U 

874 

-77 87 

6 4, 0-2 

183- 

r -1 

19S2 

SIdwIj inofeuiDg F.d. 

a Cin^ 

u 

334 

-64 4S 

$■4, 8-3 

335* 

Ifi-'S 

l9fB 

YoIIdt Kod reJp c,^.nA PA^ et&irlj decreftj^g. 

s Croi^ 

13 

33 7 

-02 49 

14, 1*0 

US' 

4"'7 

19£0 

R«lfttiYBlj filed. Tsftt foir 14DeJi. 

*■ 

12 

42-7 

-60 42 

47, 78 

37“ 

26"-4 

loss 

Decreftumg P.d. 

h55a» Hjiw 

3 

9-0 

-T9 11 

|6-T, 77 

234* 

ir*4 

tm 

Ealfttivelj fijted. 

h4432 Muva 

11 

31-4 

-64 40 

5 7, 0-5 

300* 


1910 

P.d. moreiAltig elawly. 


11 

49-4 

-04 SO 

6-2, T”8 

159" 

r'-8 

1910 


h4t9a ,i 

12 

S-B 

-6S 36 

0-2, 7 9 

61‘ 

r-T 

ms 

little ohnnge, if 

fi „ 

12 

43-3 

-67 49 

3'0, 4-2 

4- 

r 3 

1934 

P.d. lQet«uiog. 

e 

13 

4-0 

-6fi 2 

6-8, 8-0 

186“ 

6 ** 7 ; 

19S3 

Relfttivelj ftiifid. 

h4Sl3 NDnuK 

Ifi 

613 

-60 9 

01* 0 8 

99* 

rs 

1097 

Relftlirelj fixed. 

R3@ Cktimtvi 

3 

60-8 

-88 36 

0 * 7 , B ‘2 

246* 

a'^i 

1914 

1^0 Bance 1877.. 

X 


43fi 

-0B 87 

6‘6, 7-7 

60* 


1036 

PA^ dooroasing. 

f PAToais 

18 

10-6 

-01 31 

4*3, 8"l 

134“ 


U036 

Little chimge. Cblour eonlTMt. 

11314 ,, 

18 

43-6 

-7S 3 

0*3, a*7 

209* 


U013 

F.d. Hid dislxnce iciEaffiMing. 

LR5JJ0 „ 

20 

47-fi 

-02 37 

8’8, 8 a 

93* 

S''-7 

; 1920 

- RirtV 25. PA. slowly dMfeMlng. 

LSfiga „ 

31 

4^ 

-73 32 

fi S, 81 

136* 

8“-l 

j 

?10O1 

t 

A doobled bj 1 dd» 18981 l^ot vxu, 1900, 

Ifi Pktflrii 

6 

37-fl 

-61 38 

0-4* 8^8 

200- 

2"'9 

\mi 


B Hftiealii j 

4 

17-1 

-03 S3 

6 2, BO 

4* 

4^*5’ 

1017 

||.p ri-ri-4 4-«» 

Ii3a70 „ 

4 

331 

-02 fie 

6-0, 6 4 

99' 

^ro 

1017 

uttl# ahAnge, if my. 

LG477TrfiLQg.Aia. 

IS 

43-6 

-es IT 

6*4, 6-0 

Ifil* 

3ri 

lose 

-BmkSO. [40*, 

b4809 „ 

IS 

fior 

-60 30 

6 0 , fl-a 

07* 

r-4 

1SS4 

a SeUon 11. coming Stb mug. at 43“ and 

fi Tuciuue 

0 

29-3 

-03 U 

4-B, 4 B 

170* 

2T"1 

1910 

* E^uperb Objwt* 6tb miig. itar it Of' S, 1095, 

If 

1 

140 

-80 9 

B l, 73 

346* 

E 5“ 4 

1920 

Low powoF field itteludoi 127, m close bieiurj. 

hM2n 

1 

18-3 

-60 40 

0*3, 9*3 

33r 

r*7 

1990 

i?.p.3n. 

a 

32 

23-8 

-68 13 

4 6, 8 *1 

283* 

r*o 

1910 

fixed. Coloer contrsiU 

1340 ,1 

23 

400 

-63 27 

01, 0*1 

6* 

V'l 

1927 

F.d. dflOTO&eiitg. 

y VoluitiB 

T 

9-2 

-70 25 

30, 5 *8 

290' 

IS''^ 

102 a 

No ippreoiftble abrnge* 

h 5907 „ 

T 

30-4 

-74 10 

7-2, 7-3 

117“ 

2"“0 

1930 

PA. ilowly incHSftimg. 


7 

42 3 

-73 39 

3 9, 9-0 

110“ 

l0"-7 

1917 

Eelftti^ely fixed. 

* M 

t p, 

a 

7-B 

-08 38 

46, 8 0 

1 23“ 

= wn 

less 

little flhmgfc A is ft ftpsotraMopio bioftry. 






Interesting Objects. Map^ iB 

{OmcnrMPOiJiiii, BotrlfH). 

Varuible Stars. 

ePOQH ISlia 




ILA 1 

1 D«u 

Yar. bi nu^. 

:Qp«tl111D 1 

Fsriod ] 

H'atw 

6 

Apodii 

ii" 0- '5 1 

-76’ 33' 

5 1.66 

M3 j 

.. 

• 

Irregular variable. 

R 

CarbiK 

9 

31-0 

-02 

S4 

4*600<l 

Me j 

309 day* 

XiOng period variable^ 

1 

■1 

9 

43 9 

i -63 

17 

3'6‘6'0 

GO 

35B 

n 

Cepheid type. 

B 

il 

ID 

7^8 

-61 

10 

5-8-9-0 

Me 1 

149 

11 1 

, Long period variable. 

E 

[>oraddJ 

4 

36’3 

• -63 

ID 

5'7-e-8 

M3 [ 

360 


1 » n 

E 

UlLSCB 

13 

39^0 

-69 

8 

6 5^7*6 

05 

o$i 

■1 

j Bhort period sariabls. 

It 

Fasooli 

18 

51'8 

1 “67 

18 

40-3ii 

P5 1 

f'lD 

PI 

1 Gfiphoid typck 


Rovaj 

P»^4h, 1935, 6^ 35^ ^3 - m' 3W, 

Duoovered bj E., WAtaoD^ in Sooth AfriciLt in the enrly moming of Mny 35tl3^ 1925. From ita raagnitodo of 
3'3 on thni^ dnto^ it rose to msg. 1'7 on Msj 2Gth, bnt bj next dxj hnd fslicD to below 3rd m&g. It then brightened 
sgein, reMcHlog nwg. 11 an Jane 9tb, fell to cnog. 4 on Joly 4th, nnd rose again to mag. I'd on Aagost 9th. Frooi 
that brightneM it fellf with minor dnctutioni of light, tQl on Doe. it wmi about 3th msg. In 1935 it vaa 
about flth mag,, at which it bad h«o for aoma jeam. In blnreh, 1128^ it waa found to conaiat of twa nebiiloui 
eampoaejita about 0'''5 diatant from centre to eentr& 

An axaminatiDn of photographic platea, that had been taken before ita disooreiy ae a ^ova, ehewod that it 
had been of about 12th mag. (1911-1925), and bad riattn to 3rd mag. on April 13th, 1925. 

The poaltion of the Nora is about 7^ from the N,E. edge of Nubeonla Major and m Qalantic Latitude - 26V 


Nebuls and Clusters, (niapa 

0^11*-0, -64’39'. 


2608, A36D, CoriiiBi, 

3766,A289,Centa«rip 

4756,A30l,Cnicii, 

2070,A143, Dnradhi, 


11 ^ 33 ^ 'fl, -ai' 2 ff, 

12i60“ ’7,-eo' 

6>39“ ’L -«9* 

19" 6« -4, -EO’ 4^ 


3753, A295, Pareiiis, 

6025, A304, TrW* AnalSi^ 69- % - 30* 21'. 
104, Aia^ Tncanm, 0^31*^, *73* 33'. 


S62,A6a, n 1* 0“ 7,-71* 6'. 


15 and If) f Uiiiftirrni Nit. on Am ^ IA« N.ffyC.} 

A large, rich, globular claster of 13th to 15tb mag. stars ^ lihe the 
guest duat^" 5' In diameter. The centre ia a blaxe of oioseLj- 
packed etan. 

A ine cluaterj Tiaible in a biaocutar, cootaming at least 300 stars of 
8th to 13th uu^nltude. 

BurraundiDg it Cruoia, i fine red star. A htilllant and beautiful 
cluster of over lOQ stars of mrioui colouia ' like a niperb piece of 
jewellery.^ 

The ' &reat Looped Nebulit' round 30 Doradda A large and bright 
ttehola, eatremcly campled U) etracturo, It is risible to tbs 
naked eye In the larger MiigaUaaic CItntd, or the Nubeoula Major. 

A large, bright, glohular cluster, IF in diameter^ stan trom 11th to 
16th mag. 

A bright, open cloitor of stars from the 7th magnitude dowi^warda 

47 Tucanit A moat glorious duster of 12th to 14tb magnitude and 
fainter tten, the eentral port ion being much tompreaead. Viiihle 
to theoaJced eye as a busy 6th magnitude star near the Nubecula 
Minor. 

A globular oluster, 10' in diameter, of 18th to 14th magnttade stars, 
with a tentral hla;^ of closelj-packed. stom, It is just idoible bo 
^a naked eye as a Gth raagnitude star. 
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Til* area -npi-BHnls llle general p«!l?on of Iht iHHkf Wa^. Magnifuiiet 
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